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Tlie following work contains a reprint of some of 
the more in~portant articles on the subject of 
"Rearing Piles," which have appeared from time to 
time in Engineering Xews, including esp?cinlly tho:e 
in which what has  since become known a s  the "En- 
gineering Sews  Formula" for the safe load of piles 
was announced, explained and defended. It also 
il~c.l~ides a reprint of a valuable pamphlet 011 

"Rearing Piles," hy Rudolph Hering, M. Am. Soc. 
C. E., which was published some years ago b~ 
the Engineering Sews Publishing Co., but long 
slrlce went out of print; and a full abstract of a 
paper by Mr. Poster Crowell before the American 
Society of Civil Engineers on "Uniform Practice in 
Pile Driving" with the discussions thereon. 

It in  believed that this little volume contains 
al)ont all that  can be required in any case for solo- 
in:: the most serious problem connected with pile- 
clriring, what load a n  be placed on i iven piles 
with safety; but if it be desired to find fuller in- 
formation ns to specific records, the back files of 
Engineering News, of the Transactions of the 
American Societg of Civil Engineers and of the 
Proceedings.of the Institution of Civil Engineers 
should be consulted, a s  they all contain further in- 
formation of value; though the more important in- 

formation to he had from all these sources is given 
in substance in this volume. 
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THE 

SAFE LOAD FOB BEARING PILES. . . 

CODE OF RULES FOR SAFE LOAD OF 
PILES. 

(The following article, reprinted from ~nglneer- 
lng News of Nov. 17, 1892, was intended to give 
a codifled summary of the net results of all the- 
lniormation which follows, so as to make it a 
trustworthy set of rules for good practice in pSle 
driving, and it is believed to do so.) 

In our issue of Dec. 29, 1888,* we publi&&h 
article on the subject of " Formulas for. the M e  
Load of Bearing Pies," in which a simple for- 
11lula for the safe load of piles was proposed 
which has since met with wide and increasing a@ 
cepttlnce; so that we might fairly say, perhaps, 
that it is now one of the most generally a p  
proved for practical use, if not the most approved 
among those who know of it. We claimed for..it 
then that it would be found more trustworthy 
than any one of 16 different formulas which were 
given in it, quoted from Mr. Hering's admirable 
niono,ortlm on "Bearing Piles."* The expel47 
ewe  and opinions of otheix have since cou- 
finned our belief that this claim was well found- 
cul. and especially a recent pnper by Mr. J. 1'0s- 
-- 

~tcpublish+ later !n this voluwg, . . 



ter Crowell* before the American Society of 
Civil Englneem and the valuable discuaaion 
which idlowed it.* 

We do not propose now .to enter upon any d e  
tailed diecudon of thls discusdon; i t  would oc- 
cupy too much spaue, and would only be repeat- 
ing in other worda what has been eaid with 
suf5cient fulness, perhaps, in the discussions 
themselvee. I t  will be obvious to every one who 
reads the discussions, however, thnt they have 
added certain imts to our knowledge of pile-d~lv- 
ing, and eoggested and collated still more hc t s  
or Well hunded opinlom. Whnt we now propose 
to.do, therefore, is to colnblne and codify in the 
fonn of Suggested " Hulee of Practice for Pile . 
Driving" all those facta which seem to ?s to be 
suillcletltly weH determined to ba incorpolated in 
such a csde, adding in a following article certain 
explRaUtolj notes and tabulation8 by way of 
emmeat. The %#lowing is onr suggested code of 

RULES OF  PRACTICE FOR P1I.E-DRIVING 
AND SAFE LOAD OF  PILFB. 
A: METHODS OF DRIVING PILE$. 

Six nlethods of driving piles are in establishtd 
use, wldch'in older of frequency of use are as 
follows: .. 

1. By the ordinary pile driving in which a 
ham~ner weighing 2,000 to 3,000 Ibs. or more h 
dropped 20 to 30 ft. or more, falling free, with 
an interval of several seconds (5 to 20) between 
blows. -- 

This paper and the foliowtng discussions. which 
contain a great deal of interesting and valrtnble lnformu- 
tlon nMut pile-drlving. in repnbllnhrd in U h ~ t r n ~ t  
later In this volume, hut wlll he found la fill1 in TCUIIH. 
Am. Sac. C. E., VoL XXVIL (WL), p. 09-172 and p. 590. 
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2. The same as 1, with the important. excep 

tiom that (a) the hammer doea not fall free, but 
is retarded by the rope and revolving d m ,  and 
(b) the blows succeed each other somewhat more 
qnlckly. (This method is an uncertain and often 
deliberately deceptdve one, but properly wed is 
legitimate as well as convenient.) 

3. By the water jet, in which a streatn of water 
under pressure is ejected a t  or nenr to the poiat 
of a pile and rises thenee along its sides, remov- 
ing most of the side and end reeistanae, so that 
the pile sinks rapidly by Ws own w-t, nith or 
without some extra preaeure crdded. This 
method is suitable only for sandy or other flne 
a d ,  but in such soils is often very eiEuacdo111) 
when ao other is possible. 

4. By direct preseure of an insitant weight. 
This method is applicable only to very wet mils 
(practically saturated with water) of a muddy or 
very fine silty nature, but in wch mils le often 
the only effective way of driving. 

5. By the Nasmyth or other like steam pflh- 
driver, in which somewhat heavier hammers 
(usually 3,000 to 5,000 Ibs.) falling through much 
shorter falls (usually about 3 it.) strike very 
much quicker blows (usually more than 60 per 
minute), but otherwise the same in principle ns 
Method 1. 

6. By gunpowder pile drivers, in which each 
Mow is a double one, the first caused by the fall 
of the hammer after the last explosion, and the 
second (following close upon the first, so that 
there is no intermission In the movement of the 
pile, but still distinct), by the reaction of the er- 
plosion which throws the hammer upward. 



ie 
8. B E A ~ ~ G  POWER OF PILES D R I V ~ N  Bt 

* YE!J!HOD 1.-ORDINABY PILE-DRIVING. 
C. The maximum or ultimate barfng powel; 

whialt is a CERTAINLY UNSAFE load, tn the 
sense that experience show8 that pilcu will nvelg 
hear load (or any close approach to it), tor 
and length of time wlthout settling, ie given by 
the fornula: 

' M =  la - wh in whic'l 
s + l  

.\L --the marirpum or ult lwte  beali~g power 1w n1w 
unit of welpht. 

w - the welght of hammer in the aame mlt. 
h =  the of hnlu~per LI feet, as below deflntd 

nnd Ilntlted. 
s - the set of pile ueder laet blow la inches, as  below 

deflned and UmJted, and 
1 - a cdnstcmt wbkb Pa necessary by the fact 

that ther Is nn extra lnltlal reuistnnce in getting 
a 6 ringer wnt and fs Intended to @re the nrur- 
rsgeasible equl;nlent for the eITect of that extra 
n=sfstnnte in 111odlfv1ng the mean reslatnnce to pvn- 
etrntios.' m h  indivtrlnst plles it mag or may not 
be n little, yqre or less. 

8. The safe or working load for piles, i. e., the 
road which it is CfiRTAINLY SAFE to place 
upon a pile under all conditions, except as below 
defined and limited, is'shown by experience to be 
not over one-sixth of the above ultimate load, 
i. e.: 

2 w h  - M 
Sate load r - 

s + 1 -  ii 
fn which the symbols have the same values as In 
the prior formula, the application of both of them 
bebg subject to the following limiting conditions: 

9. As to w: The effective weight of tlie ham- 
mer is decrased about 1% by wind resistance, 
and perhaps %% by guide friction, even when 
the guides are truly vertical and In good order. 
When pile and guides are inclined the eirective 
weight is decreased (1) to h cos. I (in which I= 
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the angle of inclination from the ver t ld)  and (2) 
by the guide friction caused by the force w sin l 
pressing the hanmer against the guides. With 
vertical-guide this force is tt,wretiually m. 

10. As to h: The full fall must on& be CUYLI~W 
(1) when there is no sensible bounce after the 
blow, and (2) when the head ot the pile ie in good 
condition. Bouncing in effect divides r single 
blow into two weaker ones, the energy of the 
first blow being dilninlehed by an amount of fall 
equal to the height of the bounce, even if pile 
and hammer be assumed to be perfect&' ehstic. 
As neither is perfectly elastic, a t  least twice the 
heiglit of the bounce should be deducted frow h 
to determine Its true value for use in the for- 
mu!n. '. ' 

11. Cundition of the head: Amording to the 
best existing information a bkoomed heaU wilI 
destroy from half to threequarters of the effect 
of a blow, even if the brooming be only a hhlf- 
Inch to an inch deep. No formula can be d e l y  
applied if the last blows be given with the head 
in such condition; but the remedy is to adze off 
or saw off the heads before giving the last blows, 
at  least' for a few aample.piles, aqd if a r e v  
consiclei-able difference fs observed, then for all of 
them, if it fs desired to determine and utilize 
their iufl beailng power. 

12. As to s: The proper value can only be de- 
termined by taking the mean of the sets for a 
number of blows, nor then unless: 
(a). The penetration hae been a t  a reasonably 
unifoiln or uniformly decreasing rate, and 
(b). There is reasonable assurance that the 
penetration would continue miform if driven 
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several feet further (which may be known from 
test ptles driven to an extra depth or from gen- 
eral knowledge or evidence as to the aature of 
the soil, as that it ia all mnd, gravel or alluvial 
depoelt). Also- 
(c). The hend must be in good oondition as per 
par. 11; and also: 
(d). The penetration must be at  a reasonably 
qulck as well as uniform rate, not lees thnn 
%-In. for a 3,Wlb. hammer fnlling SOit. Any 
smdler penetrntions under such a blow should 
be assumed to be due to mnshing of the point 
and neglected, and any penetration of leas than 
%-in. la to be looked on with grave suspicion, 
and disregarded unless f t  has been uniform for 
many blows. Wit11 soft wood piles any penetra- 
tions of less than 1 in. under wch a blow ia likely 
to involve dwtructlve atrnine within the pile, as 
per par. 14. IS, below, and hence should be die- 
regarded in cornputt= bearing power. ' 

13. As to interval of time between blows: 
mere is nenrlp always an Increase of resistance 
and decrease of set per blow as an effect of an 
interval of rest, permitting the earth to settle 
&mfy around the pile. The lncreaae of resist- 
ance from n few minutes' to a few hours'. rest 
may vary from 50% to several hundred or even 
thousand per cent. This effect is usually most 
pronounced in the finer, soft and wet earths, and 
leafst pronounced in coarse gravel and mnd. No 
values of s should therefore be accepted as trust- 
worthy without testing ~ s i o n a l  piles for va- 
rlous intervals of rest, and the mean penetratiou 
for the firat few blows after such an interval of 
aeet sboald be taken M the .value of s. 



14. Aa to piles acting as columns. Aasuming 
a blow of 3,000x20.=(i0,000 it.-lbe., a pile which 
penetrates through soft material to a compr~ra- 
tively hard stratuill is not, us  a ruk?, safe as a 
column (with a factor of safety of 6) for any 
heavier load than is given by the safe load for- 
mula of par. 8. That is to say for a set of 
1 ins. 2 ins. 3 111s. 4 ins. 5 ins. 6 ins. 

the safe load in pounds by par. 8 is 
cit),OOO 40,000 3O,W 24000 20,000 17,140 

which is about 1-0 of the ultimate b r a n 6  lmd 
of a 10411. imund oolulnn of Boft wood, of a height 
of 

8 R. 14 ft. 18 it. 21 ft. 24 ft. 26 it. 
In c:lses where the length of colllllrn withpqt side 
support is greater thin this or th'e safe load by 
pilr. S is km, the &e load by the latter fonaul;~ 
will exceed t h e w e  load on the pile as a ~o lu~nu .  

15. Cimhing strength. No pile can be relied 
on to bear without crushing over 500 to 1,~W 
I h .  per sq. in., unlw of .superior hard wogd ti~n- 
Lwr; or 50,fXY) to 100,000 lbs. t4 all, wurning the 
avelage section of w e  to be 100 sq. ins.' This 
is the safe load by par. d) for a pile settling 1.4 to 
0.2 ins. under a 20 ft. blow from a 3,000-1b. ham- 
mer. Therefore, penetrations of soft wood piles 
of less than 1% ins. under such a blow (or pro- 
portionately for weaker blows) are to be looked 
on with some suspicion on thh account, and pene- 
trntiom of less than % to s in. are to be dime 
x:tl'ded wholly in computing bearing power, and s 
taken as  9 . 5  to 0.25. 

l(i. Uplifting. Piles drivel1 very close together 
in certain quicksandy or semi-fluid soils will some- 
times llae somewhat when other pileu am 8ubse- 
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quently driven near them. While the precaution 
of giving them a few extra settling blows is ex- 
pedient when time permits, they may be left ae 
they are without much anxiety in most cases, aa 
the phenomenon implies that the lower material 
is already solidly in contact with the pile, giving 
as great bearing power as the nature of the soil 
permits, after the sol1 has settled solidly about 
them. I t  Is desirable to avoid this effect if pos- 
sible, however, which can generally be done by 
drlving the piles butt end down. 
17. Bearlng piles should be spaced a t  least 3 ft. 

c. to c. each way if this gives a sufactent number 
to carry the load, and they are worse than 
wasted if drlven less than 2 to 254 ft. c. to c. 
18. Variations- of load for varying conditions. 

No experimental evidence exists that par. 8 does 
not give a safe load under all conditions of st1r- 
vice, withi the limits of usual values for w. 
h and s. The load, therefore, need never be 
made l e a  than par. 8 permits unless for eome 
special caae of treacherous or dublous soil under 
an important structure subject to vibratory 
strains. An elttra allowance, if made, should or- 
dinarlly be made by reducing the spaclng be- 
tween piles, down to a limit of 2% it. c. to c. 
On the other hand, the load should only be made 
greater than warranted by par. 8 with extreme 
caution, under favorable conditions for high bear- 
ing power only, and wlth care that pars. 14 and 
15 be not infringed. 
19. Computation of Loads: All extra loads 

which may resait from winds, locomotive coun- 
ter-weight strains or other temporary loadings 
are to be considered .in camputhg the load on 



each pile. i n  pile trestles, it is none too great 
an allowance to assume that the entire weight of 

, the driving wheel base falls upon each bent in 
m ~ i o n .  
C. BEARING POWER OF PILES DRIVEN BY 

METHOD 2. 
(Hammer nttached to hoisting rope.) 

20. When the weight of the hammer has not 
only to set the hnmmer in motion but also the 
hoisting rope and drum, the energy of the blow 
(= w h) is in inverse ratio to the time taken for 
the ha~niner to fall a given distance free or nt- 
tnched to the rope, which may be obsen-ed ex- 
perimentally or computed, assuming the mass of 
the drum to he concentrated a t  its radius of 
,vation froin the centre. It will usually be 
found to be aminished nearly onehalf, which 
requires a corresponding reduction in the value 
of h, that variable heing supposed to equal the 
height of free fall. 

(Deception is often resorted to In contract work 
under this method of pile driving; the fall of the 
hammer being checked by the brake in a way 
which it is difacult to guard against by inspec- 

. tion. I t  is therefore a method to be avoided in 
contract work.) 
D. BEARING POWE8 OF I'ILEY DRIVEN BY 

METHOD 3. 
(Water jet.) 

21. As s rule, the soils in which the water jet 
works to most advantage are those in which the 
hnmmer method cannot he used a t  all; i. e. fn 
\vhich the penetrntion mill he little or nothing 
under any hlowu which the piles will sustain 
without crushing. If so, the loads whlcll the 



puea will sustain are limited only by their crush- 
ing strength or strength ns a column, pars. 14, 
15; or the same as if driven by hammer with 
equally small penetrations. In importrtnt cases 
where there appears room for doubt, the piles 
should be tested either by loading or (preferably) 
by a few blows of a hammer after the materfal 
has had due chance to settle firmly about them. 
In fine river or sea sands, however, it is certain 
that the penetmtion would be very small under 
hammer blot-, and hence the bearing power 
will always be high. 
E. BEARING POWER OF PILES D R I V m  BY - 

METHOD 4. 

(Dead load.) 
22. As a rule piles sunk only by a dead load 

placed on them will not sustain safely much 
Inore than the load which sunk them, but will do 
that (and mmetimea much more) after they have 
stood for a time, to let the material settle closely 
upon them. In very soft and eemMuid muds, 
the safe bearing power may be sometimes the 
weight which originally sunk them. The only 
ce?tain test is to try sohe of the pilea with a 
hammer after they hare been driven some time 
and then compute the bearing power by par. 8. 
F. BEARIE;G POWER OF PILES DRIVEN BY. 

METHOD 5. 

(Steam pEle drivers.) 
23. As a rule, the interval of time between 

blows is not more than 1-10 to 1-20 as great ns in 
ordinary pile driving, and the velocity of impact 
not over 1-3 as great. Therefore, the constant 1 
In the formula of par. 8, which represent8 the 
extra initial resistance of getting the pile in mo- 



tion again should not be over 1-10 as great, if so . 
much. Calling it 0.1 for safety we hare for the 
case of steam pile-driver piles: 

2 wh 
Safe load = - 

a + 0.1 
The =me results will be reached if we retain 

the form& of par. 8, but let h = the total fall in 
feet in 10 blows. The formula as thus modified 
ia at  least not likely to give excessive loads in 
either case. If anything it is solnewhat too con- 
servative. There is a laqk of experimental dntn 
on which to base any closer estimate. 

G. BEARING POWER OF PILES DRNEW BY 
METHOD 6. 

(Gunpowder pile drivers.) 
The gunpowder piledriver strikes nearly as 

qdck blower wfth n considerably gmater average 
fall than by Method 5, par. 28, Moreover, only 
half of the efEect of eaoh blew ia due to the fall - 
of the hammer: the other half is due to the re 
snlting explosion whiih throws up the tmmmer 
for the next blow. Otherwise, the conditi@ns arc 
subtantially the same as by par- 23. Hen@ for 
the aafe bad of pilee thus drlven we should hare 

2 w h x 2  - k w h  
Safe losd = - - - -- 

s+0.1 s-to.1 
Thie ionnula ie also likely to err on the safe 

slde, if a t  all; but experimental proof of safety 
should be required before it is exceeded. 



DIN!VSSloN OF THE PRECEDING PRO> 
POSED PILE D R M N G  RULES. 

Sir: In  response to your invltatlon to discuss your 
"Suggested W e  of Rules of Prnctlce for Pile Driv- 
ing a ~ i d  Safe Lond of Piles " (Eng. News, NOT. 17. 
la). I otlpht, pcrhaps, simply to refer you to my as- 
cussion of bfr. Crowell's recent paper, In which I 
notlced a t  considerable length some of the poiuts Of 
which you now trent. I may, however, be perlultted 
to repent what I then intlmnted, viz.. that ";he ele- 
nients attending the operirtlon of the princlplee ln- 
volv'ed are so uncertnin and so numerous. and the 
experilnentnl dntr a t  hand are so uncertain and no 
few," thnt all rules upon the subject should (as my 
fhtlier ohservd of his own formula) be used wlth 
mution, nnd with a wlde margin for safety in Import- 
rint cases. 

Hence it seems to me a llttle hazardous to asaert 
thnt the lond given by your formula In par. 8 Is 
"certainly snfe under all conditbns, except as below 
detlnrd and limlted." and that there Is no esperlmental 
evidence to the contrary. The llttle collectlon of ex- 
r~erinlcntnl datn. which I submftted In discussing Mr. 
Crowell's pnper, Is vastly more complete thnn any 
other tlint I could flnd, an& in fnct, embraces all 
sr rh; yet thcse data are so few, so confflctlng, and. in 
mnny cases, so uncertnin. thnt I feel It would be cmlte 
within bounds to assert thnt there is no erperimentnl 
evidence ~nmcient to conflrm or to refute any formula. 
As you will see, your formula, in its npproxlmatlon to 
the rcsulta quoted, compares fnvornbly with the othcr 
two forluulns then considered, yet we flnd thnt three 
of the four piles nt Perth Amboy (my "cnse 4 )  settled 
witli nbout 44.800 Ibs. ench. By your rule the snfe 
1o:ld wns 28,300 Ihs. ench. If these piles hnd b-en In- 
tended to support n wharf for the storage of gmin, thls 
would perhnps hnve been a sufeclent mnrgin of snfety; 
l~iit If they hnd bcen dedgnecl for n rnllrond tres:le or 
for n tnll fnctory with taller chimneys, and fllled with 
rnpirlly runnlrig marhinery nnd hundreds of operntlves, 
n wider mnrgin would hnve been dealrable. 

(18) 
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2. This. a t  leust. emphnsizes the criticism I hnre al- 
ready made, thnt your formula ln pnragr:rph Y is (1:- 

fectlve in thnt the hctor of safety Is mnde a fixed, not 
11 variable, qunntlty. The second 'case given unler 
Dordrecht (case 9) shows n nearly simllar rela'im 
between the nctunl extreme lond and tile safe lond 
ns @ven by your formula. In other cases the safe load 
by the formuln was greater thnn the actual extre'1.e 
Icnd, bnt the conditions of these cases were sucah thnt 
yeu would hardly consider them as  comfng within your 
limltnticns. 

3. Under pnragmph 10, I am disposed to ask: If 
the height of reho~~ntl must be dedncted from thnt of 
the 5rst fall. shotlld not the full from the rehound 
be tnken into nccount;'nud Its helght be again adde.1. 
restoring the lielght of fall to its orlglnal value, an 
thong11 no "bounce" had occurred? 

4. Under pangmph 23, I do not find i t  explained why 
we should nssume thnt with one-tenth as great nn 
ln t eml  between blows the initial reslstnnce to driving 
"should not .be over one-tenth ns great, If so much." 
Indeed. referring ngnin to my list of erper'menfal data, I 
Bt~d tllnt in the only two cases which we are, y r!l:lps, 
warranted in fakl~ig as  rases of steam-hammer dr.lv:ng, 
sou: formnla, wlth dirisor = s t 1, an origlnnlly glveu 
ccimes mucll nearer to the experimental results than 
it does d t h  the divisor. rn:ltlr = s + 0.1, an snggeste(1 
In this pnrngrnph. Thus, at  Crooklyn (case 8) the ex- 
treme load vat? 224.000 lbs., and your fornlula for er- 
treme load (with divisor - s + 1) gave 242.000 a r  202.- 
000, nccording to whether we take the penetrntlon at  
0 or 0.2 In., nn exc.ced1ngly close agreement for, pile 
ctrlvlng dita. But if we make the cllvi;or s t 0.1, Sour 
forlnuln gives extreme 111nd 242.000 nnd 803.400 1!1s. 
respectfrel~. For Dordrccht (.-use 9) we have jor 
bcllere we hare--see p. 1 3  of dlscusslon) actu.11 
extreme 1o:icI lZ.410 Ibs.: extreme 1o:lds by your formnl;t 
with dirlsor = s + 1, 48.120 11)s.: with cllviior = s t 0.1. 
139.300 Ibs. 

5. This mns!tlrratlon confl!.ms me In qucstionlng t!~e 
soundness of the rr;tsonlug Iry whiclr you see!; t ~ r  
deu~onstrate the logic.:tl co:.r.rc!llcss of the constant 1u:- 
dltion of 1 (common to your for::~ul., and to ours), 1:) 
the divisor, for all cases of clriving wi:h onliltary 
machines; for, by. thnt reasoning, t h e  qu:lntfrjr to be 
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ndded to s ought, as you my, to be 1- for steam- 
11:tmmer drIvIng. 

"Used with cantion, and with a wide margln for 
safety." your code, I thtnk, wIll serve a useful pnr- 
pose; but I think, also, that, considering bow much 
we don't know about the bearing power of pllcs. "pre- 
~~lmnbly" Is, "in 1111 cases" connected wlth the sub- 
ject, a better word to use than "certainly." 

John C. Tmntwlne. Jr. 
PMladelphia. Dee. 19. 1082. 

(1. W e  are yet waitlhg for the Bmt recorded in- 
stance where the formula proposed by us 

Zwh 
Safeload = - 

s + 1 

does not glre n load which is "certainly snfe" fur . 

t i  pile driver under conditions of good prnctke, or, 
indeed, under any conditions. There hnre  been 
quite n nember fchiefly of piles driven in mud) 
where a grenter loud would have been snfe; none 
to the cofitrnry. Opinions will differ a s  to what 
is "srrfficient" to establish a formula. W e  consider 
thnt n formnla shown theoretically to be consist- 
ent (i. e., rntional) under all conditions, and shown 
prtlctically to be inconsistent with no 
records, i s  amply established. The Perth Amboy 
record seems to us perfectly satisfactory. 
What  better can be asked of a formula than to 
show a pile snfe for 25,330 Ibs., which nctunlly 
fctils under 44,800 Ibs.? The assumption that  this 
pile, which mas safe for n whnrf, might not hnve 
been safe under a factory is pure nssumption. 

2. There is no disputing about tastes. It is a 
weakness of our poor human nature to love to do 
its guessing under cover, SO to speak; to like better 
to be told ''here i s  a limit certainly nnsafe; take 
sr~ch a slice a s  you, in your excellellt judgmeat, 
lalay think best," instead of being told "this much 
in snfe: you may sometimes go beyond i t  safely. 
hnt take a certain risk in doing so.'' Guesswork 



hns its plnce, but its place is not in a formula; and 
it shooltl always be recognized for whnt it is. 

3. Of course not. The second blow is a second 
nl~d distinct one; usunlly ineffective because too 
n-enk. 

4. It is bnd testing formu!ns by single cases, espe- 
cially where there is so much room for doubt a s  
to the real fncts of the case, as  in those citccl. 

5. Argument on this point is exhausted. It wns 
not nlleged thnt in every case of practice some 
chnnge in the constant might not aome nearer to 
the truth for that particular pile, but only thnt 
these were of the nnture of "errors of observn- 
tion," liable to be either way, nnd that a constant 
should not be made n vnriable unless it  could be 
varied intelligently and for specific reasons stated 
affecting that one constant and not the formula ns 
tr whole. If i t  is desired t~ make the formula 
rarinble, mnlie it  so directly by factoring the wbsle 
of it; and when it  is nothing but gueasiw, make it 
a guess. Don't disguise it  under a false pretence 
of precision. for the details of which no rrtional 
basis is claimed.-Ed.) 



FORMULAS F O R  S A F E  LOADS O F  BEAR- 
. .ING PILES. 

(From Engineering News of Dec. 29, 1885.) 

W e  have received from Mr. John C. Trautwine, 
Jr., the following letter: 

Sir: In  your issue of Oct. 27, F. P. K. states 
that he has found that good white oak piles 30 ft. 
lorig by 12 ins. in least diameter, and driven by a 
2,000-lb. hammer, are  safe for railroad trestles if 
they show only 

1 in. penetration under i t  it. b l L  
s6 '* " 17 " 
1% " " 2 0 "  
1% " " 93 " 
e " 

' " 26 " 

.at111 asks for data  embracing other weights of 
h a ~ q ~ u e r  and other falls. 

In  the absence of fuller particulars I venture 
to refer F. P. K. to a former communication of 
mine in which I gave a number of experimelital 
d s t a  in order to compare a formula suggestel by 

. Prof. Irn 0. Baker, of Champaign, Ill., with the 
not very difficult empirical formula given in 
"Trautwine's Civil Engineer's Pocket Book," 
which is: 

Weipht Of - 
ram iu Jifidet x .ms 

Extreme 1o.d in tons - 
of 2,240 l b ~ .  

Ls t  penetration :n Ins. -I 1 
-- 

Weigh- nl 
ram. II, tbs. * I/ ip&. 

or extreme 
load m pounds. = "" - 

Lset penetra~hn in be .  + 1. 



!his formula, compared with the actual resub ,  
shows as  follows: 

1. U. 8. Qovt. trial 
pile, S'roctora- 
t ille, Lp.. . . . . . 

2. Phila' hla 1813. 
Z ~ r o o k b n  Navy 

Yard . . . . . . . . . . . 
1. Pn-b Navy 

Yard . ....... 2,200 30 0 5 91.800 135.000 
5. Buffalo, N. Y .. . 1,900 29 1.3 

Other experiments were given, but the foregoing 
were the only ones for which I am able to state 
the extreme load. 

The formu:a appears to fail badly in case No. 4, 
but the actual extreme load in that case is so fnr 
below that in case No. 3 (where the conditions mere 
almost identical) that it would seem justifiable 
to suppose that some special feature mny have 
facilitated the failure of the pile. The pile wan 
entirely in cle:ln white  and, open and porons, 1 
cu. ft. being capable of holding 6 qts. of water, and 
it would be easy to make a case for the form111~ 
by supposing a change in the matter of mois- 
ture after driving. 

But this case strikingly illustrates the extent to 
which the nnknowable enters into the mntter of 
the bearing power of piles, especially where the 
ground is ne t  or liable to become so, and the in- 
ndvisnbility of pinning absolute faith to nny for- 
mula, however simple, on the one hrtntl, or hom- 
ever handicapped with weight of pile and modulus 
of elnsticity of mm, pile and ground on the other. 

Cnne 5 is a further illustration. Up to 75,000 
Ihs. there was no settlement; with 75,000 Ibs. there 
was a settlement of % in., and there the pile 
stopped. With 100,000 Ibs. there was a further 



aettlemeht of IA, in. With 150,oO Ibs., there wns 
a further settlement of 1 416 ins. 

Now what was the extreme load in this case? 
If it was 73,000 lbs., our formula (givtng 120,000 
I&.) e m  on the dangerous side. I f  it was 100,- 
000 Ibs., the formula is a little more than safe, 
while if we take the mean (say 108,000) of the 
three loads, the agreement is about as  close a s  
need he. 

Cnn F. P. K. give us the extreme load on one of 
his trestle piles? If  not. he can no donbt tell us 
how much they safely bear, and it must be borne 
in mind that they are subject to vibrations, which 
must exercise an important but incalculable effect 
especially in soft or wet gronnd. 

Youra truly, 
John C. Trautwine, Jr. 

We think our correspondent's closing question 
in the next to last paragraph, is rather a bit of 
special pleadisg. The "extreme load" which a 
pile cnn be regarded as  in any sense safely sus- 
taining is that under which it first begins to settle 
by some appreciable amount, like % in. The fact 
that the pi!e then stopped has little to do with thz 
mntter; the next pile might settle 3 or 4 ins. and 
then stop; ancl in actual work, the settlemeut by 
;illy unlount of any one pile among a number 
tlkrows just so much more work on the rest, with 
increased probnbility that they will settle in trm. 
The Trantwine formula, therefore, gave decided- 

ly too meat u11 extreme load in two out of tliesc 
five cases, and the extraordinary difference in ultf- 
mate rcsistau2e of piles 3 and 4, driven under al- 
most itlentically equal conditions, may well tend to 
throw discredit on all formulas, even as  approri- 
mate guides. Again. although our correspondent 
F. P. K.. a s  quoted above, gave 2 ine. as  a safe 
minimum penetration for trestk piles under n 
2 ,Wlh.  hammer falling 26 ft., yet there are pientr 



of trestles in all parts of the country where the 
actual penetration was 3 or 4 ins. which yet stand 
very well. We are not now recommending such 
practice: we only say that it  exists, and so far as  
we know has never caused an accident, and that in 
many places it would take a pretty long pile to got 
a much smaller penetration. By Mr. Trautwine's 
formula the ultimate load for such a pile would be 
"-5 of one which penetrated 1 in. and 1-5 of one 
which did not penetrate a t  all, and its ultimate 
lond would lw 64,034 lbs., which seems not unrea- 
sonable and leaves n sufficient margin for the 
known loads (say 60,000 lbs.) placed on 4 p i k  bet~ls 
to account for their standing, although likewise 
indicating that they are none too safe. With piles 
3 ft. npart, a column of masonry about 40 ft. high 
would place this load upon it: yet we have cer- 
tainly known masonry of nearly this height placed 
on piles driven to only 2 to a ins. penetration 
with never a settlement resulting; and in the r e v  
case we have in mind, the last penetration varied 
between 1% and 2% ins. in adjjicent piles, which 
there is not the slightest real reason for believing 
had any grent difference in ultimate bearing cnpak- 
its. the material being exactly the same, a coarse 
gravel. 

That piledriving and pile loading must forever 
remain an empirical .art, defying close analysis 
by formula, is indicated in another way by the 
enormous difference which the character of the 
blow and the condition of the top of the pile make 
in the penetration. In the mud of the Hudson 
River it  is almost impossible to drive n pile by 
blows a t  all, and most of those which are driven 
are "pulled" down from a scow by placing part 
of the weight of the scow as an insistent weight 
on it, beneath which i t  gradually sinks. Wheh the ' 

load is taken off, these piles remain solid under 
m y  load which does not approach too closely to 
that by which they were driven; but if originallg 



driven by hammers, they cause no end of trouble 
by continuous slow settlement, and some of the 
ferry slips of Jersey City and Hoboken are only 
kept in place by arrangements for constant read- 
justment of the pile support, for which there are 
ingenious permanent arrangements. 

How great a difference the condition of the head 
of the pile makes in the penetration under the 
last blow, and hence in the resisting power, is in- 
dicated strikingly in some figures given in a paper 
hy Don. J. Whitternore,' showing the gain in pene- 
tration by cutting off the broomed end of a green 
Sorway pine pile, driven by a 2.800-lb. Nasmyth 
hammer falling 36 ins., from which we abstract the 
following table, showing the number of blows re- 
quired to cause ench successive foot of penetra- 
tion: 
F'. pene- No. of blows Ft. pene- No. of blows 
t ratloo. to drive 1 it. tratipn. to arive 1 ft. 
3 .......... 5 Read adzed off. 
4 .......... 15 15.. ........ 215 
5 .......... !#J I6 .......... Q'6 / 

6. ......... 5!9 17. ......... RRe 
7 ......... 16 la. ......... 8% 
R .......... 46 Head adzed off. 
9 ......... 61 19.. ....... n 3  

10 ......... 73 PO. ........ 275 
11. ......... 109 E l .  ......... 371 
12 ....... 153 28. ......... 375 
13 - ......... 
I4 ........ 884 257 Total No. of Mowe. 5,228 

According to any one of the established formulas 
for pile-driving, the ultimate load which the pile 
would sustain would have been three or four times 
as  much, had driving stopped just before adzing off, 
ns i f  it had stopped just after; yet no reasonab!~ 
ruan can doubt that its renl resisting capacity wns 
much less. 

In order to show whnt various engineers have 
evolved from their inner consciousness as  about 
the proper thing for piles, wc give In the accom- 
panying table a full lthstruct of all the leadltlp - 

Giveu in fuU later in this volume, 



formlilas fmm the simplest t o  the most complet 
nbstrartecl from a vnli1al)le paper on the subject 
1)s arr. Ra~lolph Hering which every engineer 
shonld hare,  publishetl l ~ g  us in 1887.' The last 
rii~ie columns of the table we change from the forni 
given by Mr. Hering to a form giving the relative 
resistance indicated for piles driven under varying 
conditions, taking a s  a unit the resistance of u 
pile driven by a 2,000-lh. hammer falling 30 ft. I n  
ul cases the last penetration is taken a s  0.1 ft. 
I t  is evident that  the ratio of ultimate loads linder 
various weights of hammer and falls is of mare 
importance than the absolute amount; since there 
must be a certain factor of safety any'-way: and 
if the ratio of all formulas be the same, we 
nhall obtain the same safe load from any one of 
them simply by varying the value of the coeffirient 
1.' common to all the formulas. 

An respects the effect of different hammer falls, 
tatking 30 ft. fall in each case a s  unity, we have: 

2.103-lb. 1,000-lb. m l b .  
r b a m m e r . ~  rhammer.-,  hammer.^ 
10fL 6tt .  IOtt. 5ft. loit  5f tb  
fall. fall. tall. fall. fall. fall. 

Shnpl'st t'rm'l's 333 -167 .Jia .I67 333. .I& 
.218 -140 1.5'0 .260 
to to to to 

.O(U .m 32.333 .OM 
l'rautwine ...... .a .W .W .W .695 .SO 

McAlpine's, Rondelet's and 'Rankin & Mason's 
formillas are neglected in this summary a s  not real- 
Is  intended to be general for all conditions. The 
simplest formula is the first ene given in the large 
table. 

wh 
F8 

XOR-, examining this table, i i  there the slightest 
evidence that the more complex formulas approach 
any more nearly to the true ratio of experienrac 

-. - - -- - 
*Given later In this volume. 



2B 
than the simpler form, which givea the resistance 
a s  inversely to the fall, penetrations being equal? 
If there is, we fail t o  see it. These complex for- 
mulas dodge all around the  simpler form, s o m e  
times larger, sometimes smaller; with a tendency, 
however, toward the extreme embodied in Trant- 
wine's formula, which differs markedly from nll 
others of uote iu attaching little weight to height 
of fall. To a certain extent we know this to he 
justified. A 30 ft. fall will hardly triple the resist- 
ing power due to a 10 ft. fall, but will any one he- 
lieve that  a 10 ft. fall pile may properly be trusted 
with 70% of the load placed on a 30 ft. fall pile? 
The most rigorous theoretical analysis, a s  embodie,l 
in such form111n a s  Redtenbachcr's and Wiesbach's 
do not differ materially from the direct inverse 
ratio, nnd bearing in mind that the high falls are  
rather the unit from which we measure, and t h u ~  
the  oaly effect of co~nplexity is  t o  increase the 
loads plnced on small fall piles, we fail to see 
anything to be gained by it. 

A s  re%pects the &ect of weight of hammer, we 
have the following comparison, taking the 2 ,WIh.  
hammer a s  unity, and other conditions a s  above: 

3lm~leet formala .500 .e50 .500 .250 ,500 .m 

Trantwine ......... .500 .Zj0 .500 3% .5rW1 .e50 
Nysmm.. ......... .a8 .OgB .317 .OM .383 .I02 

Nyntrom ia given sepsratefy as very exceptional, and 
plainly inadmissible. 

I 

Here all the formulas agree in assigning the 
same ratio of effect to hammers of varying 
weights under varying falls; but is  there any ma- 



clon apparent why, the fall being constant, t he  
effect of the blow should vary materially from 
being directly a s  the weight of the hammer? 
Plainly not to the theorists a8 a class, since they 
vary on each side of this. If  anything the lighter 
hammer should have somewhat less than propor- 
tionate effect, get the most of the romplex for- 
mulns give the effect of the lighter 
hammers a s  somewhat greater than that 
of the heavier ones in proportion, apparently from 
purely matbematical reasoning: "If i t  does not 
cwnform with the facts, so much the worse for the 
facts." Within the moderate limits of variation 
which occur in practice, we see no evidence of nny 
theoretical or practical gain by varying from the 
simple assnmption that  the resisting power varies 
directly a s  the weight of the hammer, all other 
things being eqnnl. 

The effect of the factor s (penetration under lnst 
blow) in the various formulas we have not 
analyzed. since Mr. Hering did not enable us to do 
so easily by computing a table of ultimate Io~cls 
for various values of s. I n  most of the  formulus 
L is inversely a s  s. which plainly cannot be cop 
rect. an when s=O. L becomes infinitely great. 
To avoid this absurdity, Traotwine adds to R the 
constant 1 in.. which seems to us the true princl- 
~tle. Others have extremely rompler forms, the 
effect for which can only be determined by trial. 

The form of equntion which it seems to us, ill 
view of the proceding and some following facts, is 
the proper and only one likely to be useful in prac- 
tice iu of the form: 

wh Safe loud L = F - 
a + c  

in which w = wt. of hammer h = full. s = last pene  
tration, c = some constant addition to s, preferably 
1 in., and F = a ronstant dettvmined from exper- 
ience. This in the first place ronforlds cloclely to 
the theory of pile-driving. W e  distrust all f o p  
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n1111ns which, like Trautwine's cuhe root formula, 
are not on17 unsupported hg, hut in clirect and 
cw~~plc t e  antagonism to, theory. The hnmmrsr in 
f.lllinp stores in itself n certain force. which :s 
:IIP driving force, measured by wh. B g  this forre 
the pile is moved a certain distance s, and t) t r r i n ~  
fhr  energy wasted in brooming the pile and heat- 
ing pile and hammer, it is mathematically certain 
that t h ~  AVERAGE resistance against which the 

wh 
prle mores through s is  measured by s, from 

which i t  is a simple inference that  the ultimate 
lond shall be in some fairly close ratio thereto. 

Such conclusion is modifiecl hy seve~;al theoreti- 
rol and prncticnl considerntionn, the first of which 
is that the resistnnct. is  very ~ ~ n e q u a l  a t  the he- 
ginning and end of the motion s. being increnstvl 
: ~ t  the beginning by the pile's inertia and dt~crcanetl 
a t  the end by the pile's vis viva. I t  is on this ac- 
co~int that  heavy hammers with small falls are 
more cffcetire than light ha~nmers  with high falls; 
the latter attempt to c.o~u~nunic:ltr too great anrl 
too sudden :r velocity to the pile; and it is on thin 
account thut the weight, area nnd length of pile, 
modulus of elasticity and what not, enter in;o 
forn~nlns seeking to be theoretically exact. Tht* 
friction is also much greater a t  first than after the 
pile. is started, and the rapidity of the blows has n 
& r a t  effect whiyh defies analysis; quick blows being 
vastly more effective than slower ones, because 
leaving no time for the ground to settle and stiffen 
around 111~. pile between the blows. This fact. 
however, tends to make the sustaining power 
greater than that  exerted a t  the encl of the lnst 
blow, and to compensate more or less for other 
sources of error. 

i f  we assume that'the ult i~nnte lond for a pile 
wh = average resistance during last blow, or  - we 





Comparing this with the safe loads dvcn by 
other formulas, most of them extremely complex, 
we have the followlnn: 

-- Sure h d r  for Plla ~ f n f i n ~  0.1 ft. Under V d o n r  Blows. 
According Lo VfarIou3 Authoritirr. 

............ . Red~enbacher .......... Bri c & Beaker.. 
Weiebach ................ 
Nystrom.. ................ 
Brix & Becker ........... 

SO tt. fall or 
0 W l b  hammer. 
200 OaO to 75,000 
1m:m 
84 800 to 14.150 
BBm 
es:m 

¶B2600tom1&l 
4i:085 to 
98 810 to b . K I O  
~ a o o  to 81.000 
r s , ~ M  m 4 . m  
81000 
er;w to I ~ O O O  

sit. fd l  of 
SIP Ih. hnmmer 

8,333 to 3.1% 
blld 

11.690to 1930 
(neualive) 

48,801) 
1 :416 to 2.478 
2.4mto 207 
S 101 to 3.070 
6.250 to 4.187 
1,350 to 138 
1.OIO 
1,562 to 1.012 

m e n  such extreme variations are allowed a s  In 
solne of these cases, u formula becomes worse 
than useless, as  also with such excessive coeffi- 
cients of safety as  Weisbach's (0.1 to 0.01). There 
are no reasons why there should be any very great 
difference in factor for different soils: penetrntion, 
hummer and fall being the same. We question if 
under these conditions greater differences than 
about two to one ever have been or will be observecl 
in however different soils, assuming u l w a ~ s  that the 
pile does penetrate and with some approximate 
regularity under the later blows. I t  appears to 
us thgefore, and we suggest to the profession as 
a result of no little examination of the facts as to 
pile driving a t  various times, that there is no 
better nor safer formula than this for the safe 
working load foc ,piles under all ordinary condi- 
tions, to be reduced under exceptional contlitio:is 
(as notnh1.r with irregular penetration) but nerer 
exceeded unless the pile is known to rest on rock 
and act an u column: 

2 wh L =  - 
s +  1 

iu which L = the safe Ioad in lba; W = wt. of 



hammer in lbs.; h = fall in ft., and s =penetration 
under last blow in inches, assumed to  be. sensi- 
ble and a t  a n  approximately uniform rate. 

If  there are  nny facts on record tending to in- 
ralidate this formula, or to indicate that  another 
would be hetter, u-e should be glad to know them. 
T t  is  a t  least consistent, and cannot lead astray, a s  
the miscellaneous as-mrtment in our large table is 
very liable to do. 



PILE D R M N G  FACTORS OF SAF'ETY. . 
(From Engln@erlng News of Aug. 6, 1889.) 

It will be remembered that  in our issue of Dec. 
29. 1888, we discussed somewhat a t  length "Elur- 
mulas for Safe Loads of Bearing Piles." 

Several correspondents have written us since, 
expressing approval of this formula, including one 
much-respected correspondent whose letter nre p u b  
lished Jlnrch 16, Jfr. John C. Trautwine, Jr., but 
who yet expressed a preference for the more com- 
plex form which is  endorsed by Nr. Trautwine, 
Yr.'s high authority: 

i n  which F = the  factor of safety, w = weight of 
hammer in Iba., h = fall of hammer in ft., and s 
=set of pile under last blow in ins. 

The pros and cons of the main question, raised 
by Jlr .  Trautwine's letter, me expressed our views 
on. March 16, in a note appended to his letter, and 
do not propose to again consider; but there wns one 
argument advanced in his letter which we shall 
briefly consider, since i t  has a certain general bear- 
ing on other questions of the kind; illustrating 
likewise, from our point of view, certain weak- 
uesses of human nature, which crop out curionsly 
in such matters, sometimes harmlessly, and eome- 
time8 not so harmlessly. 

Mr. Trautwine suggests that  his formula nbove 
hns u certain decided advantage from having in it 
the factor of safety, F, which can be "varied a e  
cording to circumstances," whereas the  result of 
the other formula is not so variable. H e  possibly 
curried with him the sympathy of many rendera 
iu his argument on this point, which we. quote 
re~shntim: . 

Sor cnu I think the use of a constant factor of s a f e t ~  

(34) 



an fmorovemeiit. for it aims to 5x one of the niost 
utlflXa6ik factors of the rase, giving, as I understand, 
the snme factor of safety for a low brick shed, in 
ground free from vibrations or inundations, as for a 
loftv cathedral. with a tidal river at one side and the 
jar -of railroad tra5c on the other. - While our ignorance remains, we must nse its fac- 
tor; and the denser that ignorance, the greater must 
be both the factor itself and its range of variation. 
It  seems to me. therefore. more scientific for. what is 
reallv the same thing more practical) to trv to ap- 
proximate to the "extreme" load. and ~ee've the ?actor of 
uafety to the jndgm~nt. The result is nhabhv. but I 
don't see that the case admits of anything better. 

Thin argnmcnt has a plausible sound, and in its 
~ts tement  of facts is perfectly correct. The fox- 
mnla 

does give "the eame factor of safety for a low 
briclr stor:rge shed, in ground free from vibrations 
or inundations, as  for a lofty cathedral with n tidal 
river on one side and jar of railroad traffic on the 
other." It gives, and was intended to give, values 
perfectly safe for the worst case, leaving the piks 
under the "lo~v brick storage shed" to have a cecer- 
tain excess of strength. unless the engineer chooses 
to presume on his favorable conditions to make a 
special case nnd advance beyond it. 

Now what possible advantage is there in doing 
otherwise? 'What but the shadow of an atvantage, 
which is really an unmitigated disadvantage, is 
even promised by doing otherwise? Let us ece 
what is the difference, and the only real difference 
between these two formulas. 

The first formula says in effect: "Here is the 
load which any ordinary pile cannot resist. Sollle 
will carry only half, some a quarter, some a sixth 
or less (penetration, hammer and fall being always 
the same). Make your own guess-according to 
circumstances." 

The second formula says in effect: "Here is tbe 
load that any ordinary pile (with given penetration, 
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hammer and fall) is certain to resist. Some lucky 
ones may resist fire or six times as  much (of 
course, or it would not be a safe load), but any 
excess above this involves risk." 

Now, is there any real difference between these 
two a s  regards applicability to varying conditions? 
There is one very real one, so far  as  we can see, 
and only one, vir.: That formula (1) enables a mail 
to deceive himself with the notion that he is being 
cautious when he is really being rash, while for- 
mula (2) forces him first expressly to admit to him- 
eelf that he is being rash. Hence formula (1) a p  
peals to some of the deepest foibls of our human 
nature, for we all like to persuade ourselves thut 
we are wiser and more cautious than we are. But 
the essential nature of the act is precisely the same 
when the engineer takes a certain maximum load 
which is never safe, and, on the strength of his own 
judgment only, says, "I will use a third of that 
load in this case, but only a sixth of it  in thut," 
Bs when he takes a formula which simply gives the 
universally safe load and says, "I will use this 
value in this case, where I want to be sure: but 
in that other case, which seems less important and 
to have better conditions, I will double the load;" 
hammer, fall and penetration being understood to 
be always the same. 

Nay, if a man is going to vary in this way; a c  
cording to circumstances, we maintain that he can 
do it  more correctly and surely by increasing from 
a lower "always safe" value, thrn by decreasing 
from a higher "always unsafe" value; but. is it 
really justifiable to do it a t  all, in pile-driving a t  
least, and is there really the slightest justification 
or excuse to embody in a formula an invitation to 
do so? It is to be remembered that the piling 

. i s  always planned before the precise nature of the 
soil is known, and that even nfti?r the piles are 
all driven we do not know it fully. No one in his 
Bensea reduces the number of piles that he had 
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previously planned bemr~se he finds the indications 
as to soil n little better than he counted on. Hc 
lrlay increacle the number of piles under reverse 
rcbnditionr, but that is only because he either cau- 
not get uniform penetration, or cannot get last 
penetrations as  small as  he expected. There re- 
mains therefore only the question of whether it 
is wise and proper to countenance in a for~nulrt 
loading piles under 11 "low brick storage shed'" 
with twice the loads that piles driven by equal 
hammer blows to equal penetrations bear under 
n "lofty cathedral." 

No one will dispute that, under some rough-and- 
ready temporary structure, it may be proper to pile 
on hap-haznrtl all the load the piles will carry, and 
let them settle or not as  it happens; but if a "low 
storage shed" be built to stay. we see no reason 
why its 10 or 50 piles should be more heavily 
loaded than the 2,000 or 3,000 piles under a ca the  
dral. I t s  ground "free from vibrntion" may next 
year hure tracks on both sides of it. Its load is 
rnriable and may 'oe highly vibratory, while the 
catheclral load is not. I ts  s6il just below the pilea 
nlay be far  worse than suspected. A failure of a 
single pile cracks and perhaps destroys it. Docs 
it pay to take these chances simply because the 
building is unimportant, if it is intended to be per- 
manent? 

When, a s  in bridge designing, the necessity for a 
vnrying factor nrises from known and in a sense 
i~leasurnble differences of conditions, as  in floor- 
hangers, and main members, then there is reason 
and excuse for varying factors; but when the 
enuses for R C ~ U S I  vnrintion Are wholly unknown 
and unforeseeable, as  among a hundred piles driven 
to ex.tctly the same penetrations by similar anti 
equal blows, we asbe no reason for taking further 
chances with any kind of permanent structure, to 
save so chenp an article as piles. For every struc- 
ture the load should be th:tt load under which 



no onst of a hundred or a thonaand such piles will 
fail, and not half or quarter or aixth of that under 
which they mny be expected all to fail. "Factors 
of ignorance" must remain numerous enough a t  
lest: there is no excuse for encouraging or perpet- 
uating them unnecessarily, and thus t em~t ing  the 
reekleas to folly, or the ordinarily cautious to need- 
lees error. 



FUR'I'HER FACT8 AS TO PILE DRIVLYG 
FOR,VULAS. 

(From Englneecing News of Oct. 19, 1889.) 

We review a t  mme length in another column 
Prof. Ira 0. Baker's new "Treatise on Xaaonry 
Construction." Of the book in general we have 
been gratified to be able to speak in the higheat 
terms. Of what is given on the subject of pile- 
driving we were unable to speak so highly, and an 
the subject is a broad one, and one which it  is 
quite desirable should be reduced to some basis of 
general agreement, and as  Professor Baker gives 
some new data on the subject, it se-med much better 
that we should make the subject one for general 
discussion. 

In our issue of Dec. 29, 1885, we discussed this 
same question a t  some length, using as  a text a 
letter from Mr. John C. Trautwine, Jr., and an 
admirable paper by Mr. Rudolph Hering, giving a 
comparative abstract of some fifteen different for- 
mulas. The conclusion we reachea was "that there 
is no better or safer formula than the following 
for the safe working load for piles nuder all ordi- 
nary conditions, to be reduced under exceptional 
conditions (as notably with irregular penetration), 
but never exceeded unless under special circum- 
stances, vb.: 

in which L = safe working load in pounds, tons or 
other units; w = weight of hammer in the same 
unit; h = fall of hammer in feet, and s = last pen* 
tration in inches, assumed to be sensible and a t  an 
approximately uniform rate (and head of pile in 
good condition, as  elsewhere expressed). The for- 
mula is a t  leafit consistent and cannot lead astraj, 
as many others are likely to do. 
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To the miscellaneous assortment of formulas here 
alluded to, Professor Baker has  now added another 
and we propose to show: (1) why we distrust his 
formula also for prnctical use, and (2) why his ad- 
ditional datn eonfirm our belief that  the  above 
simple fcrmuln is really the best and safest, a s  
well a s  the simplest, of any now before the pro- 
fession. Tha t  the reader may have before him 
the grounds on which we originally based this con 
clusioxi, ure reprint in another column some liberal 
extracts from our former article. 

Professor Bnker's "formula for practice" is in 
reality the following interesting equation, to duly 
express which we shall have to give i t  in two In- 
stallments: 

The nothor eliniinntes a handful or so of these 
variables, i t  is trm, including length (I,) and sec- 
tion ( S )  of hammer, length (1) and section (a) of 
pile, and elastic moclulus of hammer (E) and pile 
(e) by letting . - 

6 S E s e  
q = 3 L a e i P l S E '  

when the above long eauation reduces to - - 
P = +'FqTh+9'  -qd.  

By assigning certain assumed average values tu 
the several variables in q, he further obtains n 
nu~nericnl constant of 5,000 for q, giving the equa- 
tion the form: 

P = l W (  )i \%h+50d)'-50d), 
in which P =  the ultimate load in tons which will 
move the pile, l V =  weight of hammer in tons, 
h = fall of hammer in feet, and d = last penetra- 
tion in feet. 

This form, the author tells us in italics, "is the 
form to be used in practice" (p. 239); yet i m m t  
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diately thereafter (p. 245) he tells us that "if it In 
thought not desirable to trust entirely to theory, 
then the above equations may be considered as  glv- 
ing only the form. and q be determined by experl- 
ment." Four pages later he tells us that "the f a c  
tor of safety ranges from 2 to 12, according to the 
importance of the structure and to the faith in the 
formula employed," which leaves a range of 600% 
for the inner consciousness to work in, and maker 
any great elnboration in the formula ridiculoun. 
while on the very next page we have the amazing 
declaration: "In a fcw cases a small settlement 
has taken plaw in a railroad trestle when the f n c  
tor of safety was 3 or 4, as  computed by equation 
(a, page 239." 

we must confess our inability to comprehend 
thnt state of mind among scientific writers which 
so frequently enables them, as  in this case, to say 
on one page that a proper safety factor for a given 
formula ranges "from 2 to 12," and on the very 
next page that failure has been known to occur 
under a factor of 3 to 4. Where does the element 
of scientific precision or caution come in, if it be 
admissible to put forward a formula as  giving a 
proper assumption for ultimate load which in a 
few cases (out of the rery few which it is possible 
to examine) prove three or four times too large? 
I t  may be claimed, however, as  is done in behalf of 
separate wheel loads for computing bridge strains, 
thnt such a formula, while it has no absolute precf- 
sion, in a t  least correct in form, and hence leads 
to an erener distribution of strength and material 
under varying conditions. We propose to show, 
therefore, that, even from this point of view, the 
more elaborate formula is also the less correct. 

For this purpose we may also use as  a primary 
basis for comparison a paper which is one of the 
many new references in Prof. Baker's valuable 
work, and which has heretofore escaped our at- 
tention, vb., a paper by Xr. A. C. Hertiz, giving 
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dn.1 recurds of the driving nnd subsequent pull- 
ing up of nearly 400 piles,* and hence have a more 
-lid experimental basis than most other papers 
on piles. Mr. Heritz found the following relation: 

Wh P d = - - -  
P 500 

which Prof. Raker transforms into tlte equation 
P =  t'5W)Wn+(P50d)g -2Wd. 

jpstly remarking that it has precisely the form of 
his own equation for practice, though deduced 1. 
au entirely different way. Let us see preciseir 
how much this identity of form means. however. 
by working out a few numerical examples to cover 
the range of ordinary practice. 

The extreme range in last penetrations mar be 
aaid to be from 0% to Bins., or say 0.05 to 0.4 ft, 
The extreme fall ever used may be said to be 30 
ft for fast blows, and the extreme weight of haul- 
mer 1% tons ar thereabouts. Regarding W h as a 
compouud unit, as  we can do by any of the for- 
m~rlas, values of 10, 20, 30 and 40 ft.-tons will 
eoter a11 necessary range, and tabulating on this 
b d s  we get the following rather striking cum- 
parimn between the Baker formula, Hertiz formula 
and our own nimple rule of 

2wh 
safeload = -' e + 1 

Uifimate Reeietance (Value of PI by Baker's Formula 
Last penetration in feat. d = 

W h  = 8.05 b.1 0.P 8.3 0.4 
ft.-tons 
of blow. Ultimate Res!stance of Pile. 

10 ULl  91.6 48.8 33.0 24.8 
90 odes 1708 95.4 65.3 48.5 
30 5581 UL6 140.3 96.9 73 6 
40 4301 -4 185.2 lW.9 81.6 

Ultfmste Rerdstsnae. as Deduced by Hertfc fmm Reoords 
0fUY)Wea 

10 59.3 50.0 9(L6 38.1 1 . 5  
$0 88.3 7 1  61.8 60.0 41.4 
80 1106 100.0 823 0B.6 68.1 
40 129.5 ll8.6 100.0 85.1 73.2 

Pros In$&. C E. Ixiv.. 311-815; repablbbed in Van 
Nostrand% ~sg;zIn'e, xxv.. 31SB 



%r*h 
W e  I d  by Englnserlng News Formula L = 

It needs but the  most cursory compnrison of 
these tables to see a t  once that  in the two great 
tests of reasonable absolute values and of the rela- 
tion of the different values to each other, the two 
formulas for ultimate load, which have "exactly 
the same form," are  much less symmetrical with 
each other than is the simple safe-load formula 
which we have proposed with either of them. In  
the first place, the Baker formuln gives much 
greater safe londs than the Hertiz, a s  shown in 
detail a s  follows: 

&!lo of EXC~MI of Ultimate Loads b the Bake  &r(.d. 
Over Those by thr d r t i z .  
1 ast penetration in feet. 
.a .l .B .S 

Takfnn the four cornet. ot tbia table W a s  R.tloe. 
tratfng extremee, they dsnd. ............. 

Oompuhg in like manner the tom cornem 
(3 ::g 

of the Isst two tables. showing the exoeas 
ot the Hertiz nltimatea over our own eaie 
loads. they will stand.. .................... f1.75 0.B 

It will a t  once be seen by the  careful reader that  
the  simplest formula "splits the difference" be- 
tween these two more elaborate forms, eo as tu 
come closer to either of them in its  ratios than they 
do to each other. W e  agree with Mr. Baker in h b  
evident feeling that  the Hertz formula is not en- 
titled to full credence a s  to absolute valaes. Nmm 
theless, i t  is  notable that  under all conditions hia 
own; of "exactly the same form," gives from 10 to 
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233% larger ultimate loads, never giving less. We 
shall show shortly that this results from an actual 
defect of form, and it tends somewhat to explain 
why certain piles have failed under onethird to 
onefourth of his ultimates. It should be added in 
fairness, however, that these ultimates correspond 
very well with those of the hatful of other for- 
mulas reviewed in our issue of Dec. 29, 1858, 
showing about a mean between them a t  what 
we may call the unit value, that for 30 ft. fall of 
2,0001b. hammer with 0.1 penetration. 

Now, in the first place, is it  in fact warranted 
by good practice to load piles with larger loads 
than are given by the Engineering News formula 
as  tabulated above? We do not think so. Calling 
the weight of masonry 2 tons per cu. yd., the above 
table permits of loading piles, 3 ft. between cen- 
ters, with 50 to 75 vertical ft. of solid masonry, 
and piles 234 ft. between centers with 75 to 110 
ft. of masonry. More, we believe, is never war- 
ranted, and never imposed by careful engineers. 
The proper alternative is to step out the founda- 
tion to give more area until enough is secured. 
Prof. Baker, on page 248, quotes examples (which 
we might well extend) showing 13% to 20 tons per 
pile, but although the piles under the exceptional 
Royal Border bridge carry 70 tons, yet as  3fr. 
Trautwine would say, "it is a wretched precedent 
f+r bridge building." On the other hand, he quotes 
an example of some piles driven in a work under 
the supervision of one of the editors of this jour- 
nal,* which leads to a quite opposite conclusion, a s  
follows: 

The @uth St. bridge approach, Philadelphia, fell 
by sinkmg the foundatron iles under a load of 
21 tuns each. They were $riven to an absolute 
stoppac? bb a 1-ton hammer falling 32 ft. They 
were drrven through mud, then tough clay, and into 
hard gravel. . . . I t  is more probable that the --- ern lhM.-~sl. 800. C. a, vol. vii. clm8). p. 384. 
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lest blow was struck on a bmmed head, which 
would greatly reduce the penetration, and that cot!- 
sequently their supporting power was overestl- 
mated. Accordiilg to Tmutwine's formula-the 
only one of all the preceding which is even a p  
proximately applicable to this case -their support- 
ing power was 16-1 tons. 

The author is in error in supposing the piles 
were broomed. That was carefully avoided. As 
an instructive instance, which now is almost fop  
gotten, of the dangers besetting the piledrirer, we 
reproduce in another column from Trans. Am. Sue. 
C. E. a cut showing the conditions, with an ex- 
planation of the facts. No formula could be prop 
erly applicable to this case, but the author errs in 
saying that Trautwiue's formula is the only one 
he gives which is "even approximately applicable.'' 
His own is perfectly applicable, with the sole ex- 
ception that it  gives an absurd result. Since d=O 
it reduces to 

P = 100 Y - S  
whence we find the sustaining power of t h e  piles 
ought to have been 565.7 tons! A formula which 
becomes absurd under extreme conditions is ipso 
facto shown to be defective in form. Nor is it 
necessary to make the conditions very extreme to 
know this. Had d been or % or % in. we should 
have obtained the almost equally absurd results 
of 4745, 400.0 and 340.3 torrs respectively. Under 
the same conditions the Engineering News for- 
mula would give 

Fors=OS=%-h.S=%in. S=wln .  
Safe load = U C tone. 56.9 tons. If 7 tone. 36.5 tow. 

These are just about such loads a s  ordinary 
practice would warrant, and this brings us to what 
in our principal objection to the more elaborate 
formulas given, which is that they are even theo- 
retically defective, in giving far  too great propor- 
tional loads for the smaller penetrations, for a rea- 
son web expressed by the author himself: "NO for- 
mula can be accurate which does not, in some war. 
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take cognizance of the condition of the head of the 
pile," The s + 1 factor does this; the more elabor- 
a te  formulas do not do it; the Trautwine 
a 

+'&-formula does far too much of it. 
W e  therefore-feel that we are even better j c d -  

fied than before in recommending to the profession 
the simple formula 

B wh 
safe load = sx 

(in which w = weight of hammer in same unit as 
safe load, h = fa11 in feet and s = last penetration 
in  inch^) a s  not only the simplest but the safest 
and best for practice. In so very uncertain a mat- 
ter it is wrong in principle to start from high ulti- 
mates which are oertaialy unsafe a s  a unit, and 
allow foolish men to deceive themaelves with the 
notion that they are being cautious when they 
divide i t  by three or. four, when they are really 
running great risks. The carnal mind loaw for 
thi6 comforting naaura=, but the true formula 
for piledriving is one which is certainly safe h 
any kiad of uniform material. leaving the engineer 
to realize that he is running risks (which yet may 
be justified and reduced by caution), if in npecial 
cases he goes beyond it. 



TRE: COST OF PILE DR~PMG. 
(From Engineerlng Sews of Dee. 14, 1889.) 

From Prof. I ra  0. Baker's treatise on Jlasonry 
(3mstruction; we extract, by permission of the 
author, the following data as  to the cost of driv- 
ing piles. under different condibions. I t  will be 
noted that the figure8 are taken from actual prao 
tice of recent date; and therefore may be taken 
as  reliable guides in making up estimates. 

Cost of Piles.-At Chicago and other points on 
the Mississippi above St. Louis, pine piles cost from 
10 to 15 cts. per lin. ft. according to length and 
location. Soft-wood piles, including rock elm, e m  
be had in almost any locality for 8 to 10 cts. per 
ft. Oak piles 20 to 30 ft. long cost from 10 t e  12 
cts. per ft.; 80 to 40 ft. long, from 12 to 14 cia. 
per ft.; 40 to 60 ft. long, from 20 to 30 cta. per ft. 

Cost of Pile Driving.-There are many items that 
affect the c a t  of work which cannot be included 
in a brief rinmmary, but which mnst not be f o r  
gotten in using such data in making estimates. 

Below is the cost for a number of chams of 
work: 

Railroad Construction.-The following tableis  a 
summary of the cost, to the contractor, of labor 
in driving piles (exclusive of hauling) in the con- 
struction of the Chicago branch sf the Atchison, 
Topeka & Santa F e  R. R.. The piles were driven, 
ahead of the track, with a horse-power dropham- 
mer weighing 2,200 lbs. The average depth driven 
was 13 ft. The table includes the cost of driving 
piles for abutments for Howe truss bridges, and 
for the false work for the erection of the same. 
These two items add considerably to the average 
Cost. The contractor received the same price for 
all classes of work. The work was as  varied ns 
such jobs usually are, piles being driven in all 
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kinds of soil. Owing to the large amount of mil- 
road work in progress in 1887, the cost of material 
and labor was about 10% higher than an average of 
the year before and after. Cost of labor on pile- 
driver: one foreman a t  $4 per day, six laborers 
a t  $2, two teams a t  $3.50; total cost of labor = $23 
per day. 

Coet of Pile Drtvlng in Railmad Coaatmction. ......... . Number of iies included in this report 4 409 
,Lumber of {neal feet included in thh report.. 1@:578 
r vernne length of pilee.. .: ...................... 94.8 ....... Number of days employed in driving.. : 494 
Numb? of lineal feet driven per day.. ......... B1.8 
Coat of driving per vile.. ..................... $9.53 
C u t  of Mving per foot ......................... 10.4 cln 

Railroad Repairs.-The following are the data of 
pile driving for repairs to bridges on the Indiallz 
apolis, Decatur & Springfield R. R. The work 
wns done from Dee. ZL, l885, to Jaa 5, 
1880. The piles varied from 12 to 32 ft. in length, 
the average being a littie over 21 ft. The average 
distance driven was about 10 ft. The hammer 
weighed 1,650 lbs.; the last fall was 37 ft.. and 
the corresponding penetration did not exceed 3 
ins. The hammer was raised by a rope attached 
to the drawbar of a locomotive-comparatively n 
very ex~ensive way. - - 

TABLE 96. 
Coet of Piles for Brfdge Rt 

Itema of Expense. Total. 
Iabor: Loading ana unloeding 

piles. 7% aays ....... $16.00 
Bvid I= mng. driving, 

12 %%YE.. .............. lS.75 
Engine crew, transpor- 

tation and driving. 13 
days .................. 45.90 

Train crew, tranaporta- 
. tlon and drivinu, l3dya. 71.50 ... Supplies: Endne eu,~plies.. 23.49 

Six pile dugs and 
two plates.. ....... 13.29 

Repaire ............. 11.01 

afra 
Be, we. 

Per fc. 
Cta. 

- - -  
Total expenne for drivlng.. .. (3331.95 81.70 7.9 - - -  

Meterial: 4,192 ft. oak pilee a t  ............. 13cta WS.92 $2.68 lS.6 - - -  -- 
Totalcoot ..................... ts00.e $4.56 91.4 



On the same road, 9 piles, each 20 ft. long, were 
driven 9 ft. for bumping posts, with a 1,650-lb. 
hammer dropping 17 ft. The hammer was raised 
with an ordinary crab-winch and single line, with 
double cmnk worked by four men. The cost for 
labor was 8.3 cts. per ft. of pile, and the total ex- 
pense wns 21.8 cts. per ft. 

Bridge Construction.-The following table gives 
the cost of labor in driving the piles for the Sorth- 
ern Pacific R. R. bridge over the Red River, a t  
Grrnd Forks, Dak., constructed in 1887. The soil 
wua sand and clay. The penetration under n 
2,250-1b. hummer falling 30 ft. was from 2 to 4 
ins. The foreman received $5 per day, the station- 
ary engineer $3.50. and laborers $2. 

TARLE 27. 
Cost of Labor in Driving Pilen in Bridge Construction. 

Kind of Labor. 

%paration and re- 
pair of plant. ....... 

Dri~fng.. ..... 
Yawlnu and straiihi: 

ening ............... --- --- 
......... Total cost $580.40 S316.&7 $531.50 $132.25 $459.30 ---- --- 

No. of pflrs tn the 
8truct.ure .......... 2'24 101 104 121 181 

Totnl No. of ft. re- 
ma~ning in the 
structure ........... 7.238 1710 7.023 4,639 7,316 

Avernae length of 
pilea- remaiiiing tn 
the structure... ... !l2.S ...... 38.2 384 43.8 

Average lrrngth of ...... plleacuto ft'......... 1.1 4.1 6.6 1.7 -- - 
Cost per It. of pfle 

remaining in the 
structure ........... 8.0 cts. 8.5 cta. 7.6 eta. 9.3 cts. 10.4et.s. 
Average coet for drtving, per it., remaining in the struc 

tnre = 8.8 cta. 
&wed off under 8 it. of water. 

tInoludinu $70.25 tor excavating and bailing in order to 
get a t  tne aswing. 



foouadation Pilee.-The contract price for the 
foundation piles-white oak-for the raihoad 
bridge over the Missouri River, a t  Sibley, Mo., wan 
22 cts. per ft. for the piles and 28 cts. per ft. for 
driving and sawing off below water. They were 
50 ft. lung, and were driven in sand and gravel. 
in a coilerdam 16 ft. deep, by a drophammer 
weighing 3,203 lbs., falling 36 ft. The hammer 
was raised by steam power. 

In the construction of a railroad in southern Wis- 
coosin during 188587, the contract p r i c e t h e  low- 
est competitive bid-for the piles in place under the 
piers of several large bridges averaged a s  in the 
following table. The piles were driven in a strong 
current and sawed off under water, hence the com- 
paratively great expense. 

TARLIC 28, 
Contract Price of Foundation Piles. 

,-Contract price per IfnePltt.~ 
MeterWaf Kfnd of For part re- 

Pile. drivipg. maining in For pile hear  
smcture. .awed off. 

.. . Rock Elm.. .Ordipry.. $% 15 c t ~  .... Pine. .......... 20 
Osk . . . . . . . . . . “ . . .  48 :; 25 ,': ..... Oak .......... Hard.. 50 SO 

In  1887 the contract price for piles in the founda- 
tions of bridge piers in the river a t  Chicago was 
35 cts. per ft. of pile left in the foundation. 
This price covered cost of timber (10 to 1 5  cts.) 
driving, and cutting off 12 to 14 ft. below the snr- 
face of the water, about 17 ft. being left in the 
foundation. 

The cost of driving and sawing off may be esti- 
mated about as  follows: (17 + 13) ft. of pile a t  13 
ctrt per ft. =$3.90; 17 ft. of pile, left in the struc- 
ture, a t  35 cts. per ft.=$5.95, $5.95 
- $3.90 =$2.05 = the cost per pile of driv- 
ing and sawing off, which is equivalent to 
nearly 7 cts. per ft. of total length of pile. In  this 
case the waste or loss in the pile heads cut off 
adds considerably to the cost of the piles remain- 
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ing in the structure. In  making estimates this aE 
lowance should never be overlooked. 

Harbor and River llrork.-In the shore-proteo 
tion work a t  Chicago, done in 1882 by the Illinois 
Central K. R., a crew of 9 men, a t  a daily expense, 
for labor. of $17.24, averaged 65 piles per 10 hours 
in water 7 ft. deep, the piles being 24 ft. loug and 
being driven 14 ft. into the sand. The cost for 
labor of handling, sharpening, and driving was a 
little over 26 cts. per pile, or 1 9  cts. per ft. of 

, distance driven, or 1.1 cts. per ft. of pile Both 
steam-hammers and water-jets were used, but not 
together. Xotice that this is very cheap, owing (1) 
to the use of the jet, (2) to little loss of time in 
moring the driver and getting the pile exactly in 
the predetermined place, (3) to the piles not being 
sawed off, and (4) to the skill gained by the work- 
men in a long job. 

On the Mississipp' River, znder the direction of 
the United States Army engineers, the cost ill 
1862 for labor for handling, sharpening, and driv- 
ing, was $3.11 per pile, or 20 ets. per ft. driven. 
The piles were 35 ft. long, the depth of water 
15.5 ft. and the depth driven 13.6 f t  The water 
jet and drophammer were used together. The 
large cost was due, in part a t  least, to the current, 
which was from 3 to 6 miles per hour. 



MR. FOSTER CROWELL 02; PILE D R M S G  
FORMULAS. 

(Prom Engineering News of Oct. 27. 1BZ) 
In  our issue of Dee. 29. 1888, we published an 

article under the head of 'Tormulns for Safe 
Loads of Bearing Piles," in which we analyzed at 
noille length the various existing formulas for pile 
clriring and proposed the following formula for gen- 
eral use, a s  simpler and more trustworthy than any 
of them: 

4 wh 
L=- 

s + l  

in which L = t h e  S A F E  load on the pile in any unit 
of waght,  w = the weight of hammer on the same 
unit, h = t h e  fall of hammer in feet, and s = t h e  
set of pile under the last blow in inches, deter- 
mined in practice by computing the mean set 
uncler nevernl of the last blows. 

, This forrnuio has  since become somewhat widely 
known and used a s  the "Engineeriug News" 
forn~uln, and i t  has lately been made the subject 
of a new investigation by Mr. Foster Crowell, in 
a paper before the American Society of Civil Engi- 
neers* of which an  abstract follows, in which he 
iiidorses the formula a s  on the whole the most 
convenient and reliable of all, but proposes a 
luodification of i t  under which the constant 1 of 
the denominator is  divided into three different 
teruis, only oiie of them n constant. An excep 
tionally full and valuable discussion followed, 
which we also abstract. 

After u short preamble stating the need for more 
general adherence to some recognized standards 
for pile driving. Mr. Crowell continues: 

At the outset it may be well to bear In mind that in 
order to dlncurs the subject intelligently, we m ~ 8 t  keq 

(52) 



separate the extreme sustaining power of any pile nnder 
a static load, and the character of the psrticular use 
or tllress to which the pile is to be subjected. We will 
first consider a series of differing values, obtained by 
several different recognized forululas, for the sustniniug 
power of the same pile nnder exactly the same condi- 
tions: we will then examine those forrnulas in detail 
and endeavor to select the most satisfactory one an a 
general formula for practical use; and, flually. we will 
study the courristent application of the formula so 
selected, to the varying conditions met with In actnal 
practice. 

Rudtlph Hering, M. Am. Soc. C. E., in a very volu- 
able monogr:~ph on Bearing Piles.' which cannot be too 
highly recornmended as  a 111ost useful work of refereice. 
has collated and tabulated no fewer than 14 different 

\ormulas attributed to 10 different authorities, which 
give 14 different vnlues for the extreme sustnining 
power of the same pile, driven under precisely stmiktr 
conditions: the. values rdnge in a typical case, all the 
way from 96,000 to 600,000 lbs., without taking into con- 
sideration the further differentiation rcsultfng fr.;m 
varying views as  to suitable coe5clents of safety. which 
run anywhere from to 1-100, so that if we were con- 
siderlng the working load for a given pile under ex. 
treme conditions, we should flnd it by one autht.rity 
to be 4,500 Ibs.; by another, 16,000; by a third, 4R,000; 
by a fourth, 75,000; by a flfth, 120.000, and so on. I* 
is to be remarked that one of the most eminent of 
the authorities gives flve different formulas of varying 
theqretical exactitude, two others each give two fo:?us 
to be used in separate cases, which in prnctlce 18 
quite di5cult, even for an expert. to choose between; 
while none of the authorities attempt, except in the 
most general way, to mnke any classiflcatlon of nppii- 
cations, but leave that entirely to the lndlridual judg- 
ment, within very wide margins. This is most perpler- 
1ng to those whose need of a working formula .is .moat 
urgent and, in connection with the difeculty of making 
a correct prognosis, naturally tends to produce the 
great disparities in practice which we have noted, aud 
which it should be our aim to avoid in order to attnln 
to absolute economic security. The list of formulas 



beet known. and whlch represents praatlcally all the 
valuable literature on the eubject, in as follows: 
Weisbach.. ............................. .in five forms. 
Sanders.. ..................... .one form of Weisbuch 
Maaon. ........................ .one form of Wefsbach. 
Trautwlne. ............................. .in two forms. 

Itondolet. 
Itedtenbacher. 
Brtx and Becker.. ...................... .in two formn. 
N etrom. d cAlpine. 
Engineering News. 

Fig. 1 exhlblte the deduced values of extreme sns- 
talnlng power, and the ordinary and the mlnimutn 
loads, recommended by each authority in the case of a 
typlcal pile driven under ordlnary condltlone. The pur- 
pose of thin dlagram in merely to show varlationn iu 
results. 

Fig. 1, Showing Differ~ng Values by Various Formulas, 
in the Case of a 2#Lb. Ram Falling 30 Ft. with 
St of .1 Ft. (= 1.2 Ins), of Extreme Sustaining 
Power and Perm:sci& L d &  
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I t  is  evident from inspectton of Ffg. 1, thnt the a+ 

thoritfea. as has already been stated, differ, not onlf 
as to safe loads, whereln there la reasonably mom for 
such divergence. but also to a very marked extent In 
the theoretical extreme sustainlug power. The "factor 
of safety," too, aeems to be entitled to the nlcknamc? 
once bestowed upon its coualn of the 1- hrldge. Bat 
if we look a llttle closer a t  the forms of the formulns 
we shall see why such varlatfons occur, and may per- 
celve that if we had taken some other case, with a 
different weight of hammer and different fall, WL 

should hare obtalned another, but quite differen), s& 
of variations. and so for every assumed case. 

For our present purwse it will not be nececlsary 
to review the entire list of formulas, a few belng suL 
fielent for illustration. All the formulas %re haW.  of 
course, upon the mechaolcnl principle of accumaliit'o;~ 
of work. 

If regarded a6 a mere question of dynamfce, and if 
we could ellmlnate the elasticity and comprehemlblltty 
of hammer, pt!e and sdl ;  neglect the consld~ratSon of 
their relatlve weights, and the frictional and othcr 
reshtances to the motlon of the hammer: men the 
theoretlcnl resfstance, or sustaining power of Che pile 
would be found 1n the almple expression: 

Weight of ram x fall 
Sustalnlng power = 

%see through which t h ~  hatl~mer 
moves after reaching the pile. 

But we cannot, as a matter of course, trent the mnttcr 
thus simply, for i t  is  in renlity a very complex cnse of 
Impact. wherein the exact application of prfnclflCR to 
any particular case Is well-nlgh impossible under or- 
dinary working eonditlons where the falllng ram fs 
used: but which the various authorlttes have sought to 
meet elther with varying degrees of theoretical mlnu- 
tlae. or by menus of working factors sufficiently compre- 
hensive to cover all cases. Some of the ibrmolas C:llrr? 
lnto eonsideratir~n the conpresslblllty and wetght ot  
plle: othera neglect one or both. I t  Is m y ,  the&. 
to see that they must differ. None ngnrd the mm- 
pressibillty of the sol1 a s  a necessary element in the 
cslcnlatlon. nor lntrdnre specific frlctors of mechnni-a1 
friction and air rcslstances as applied to the f-ll'ng 
ram. The p m  weight ratio of plle and h8mmc.r 6n 



secllre the best results has received theoretlrnl con- 
sideratiou, but as  It would be extremely InconvenlenC 
P D ~ ,  In fact, 1mprncticable, to select plies of delnite 
welght, it Is rlghtly regarded as a mstter to be con- 
sidered genernlly. The ram should slwnys be at  leas8 
au heavy as  the plle: generally, In practice, it Is from 
23 to 2COY heavier than piles which may be used 111 the 
snmc work. 

I t  is evident. further, that, however interesting and 
involved the theoretical study of thls question may be. 
n wvorklng formula should contain only those e4henti;:l 
factcm whlch can be reasilly ohtalned with reasonable 
correctnpss In the case of any pile, snd It is not \vorLh 
while not uenslble io waste time In reflnlng a rcsdb 
beyond the refinement of the data. The frlct!oml ar.d 
alr rnistances can, however, be expedmenta1l.v rate.3 
by chmographlc methods once for -all in the case 
of any partlcnlar machlne, If that reflnemen6 be d e  
slrable, and erpreaaed as  a deeremen* for the 8ctnnl 
fall. The Tr:mtwlne formula, which is probably used 
more extensively than any othef In this country, t:llres 
no account of compresslbiltty, weight of plle, or dtrcctly 
of frlctionnl~reslstance to fall of ram, but conldere 
the work done by the rnm to vary as the rube root 
of the fall. While there 1s justificntion for thta 
nssnmptlon In denllng with average falls, based upwl 
increnaed air resistance and greater Impact losses, yet 
the sllownnce would :Ippcnr to he too great, gicing too 
low values for the higher fnlls, and excessive results 
for very low cues. 

In most situntions It In necessary to treat piles indi- 
rldunlly In. ordtr that all in any group may be ,$ve? 
the ssme nieasure of stnb1ll:y under varying colldlt~one 
observed In driving, so that i t  Is essential to apply 
the formula to  every pile. On thls account the form of 
1 working formula is a matter of great importance. atid 
to Insure rapid and correct results i t  must be n s'm- 
ple expression Involvlng only such dstn as can be 
ciolckly and correctly obtained for each pile, and le- 
qulrlng the mlnfmu~n of computatfon for fustnntsuems 
applfcatfon. 

The only data that can be readily obtslned are the 
weight (w) and the fall (hf of mm. and the p---tctra- 
tion (s). The welght of the plle and Its compressibll~ty 



cannot he ccuveniently determined, snd are so m d e d  
often hy eonslderations of speclflc gravity and resllfeuce 
that they won~ld be of no prarttcal account. In addltion 
to that any "broomlng" of the pile-head acts as  a 
cushlon, to nn extent whlch complctdy discounts the 
theoreticnl nstural c~oinpresdl)fllty. The conddernUon 
of broomlng. like other meclianlcnl questions w:lich 
present themselves in connection wlth the arb of piL- 
drlving, does not properly come within the BCOW of 
thls paper. A very Instructive and precise remrd &f 
the enormous cushioning effects due to thin c a w ,  as  
observed In a nurlthcr of piles drfven by a h'uum.yW 
steam hamn~er. 1s contulned in a very valnable p a w  
on steam plle-drivfng, by D. J. Whlttemore. Pant 
I'resldent Am. %c. C. B.* 

If the propositton be accepted thnt we may profltably 
dlscnrd all working formtilaa, excepting those thnt In- 
volve only correct nnd accessible data, we may select 
from the foregoing llst for further comparison the thrpe 
following typlcal fonnn. rejecting the others as being 
elther unnecessarily redud and ansuitable, or incon- 
venfently cnmbrous. In all three the notatlon is as  
follows: 

w = weight of rnm In pounds. h =height of fall In 
feet. s = penetrntlon under lnst blow, In Inches. F = 
worklng fnctor. L =load in pounds. 
1. Welsbach (I. e. the form of Weisbach, whereln 

compresslbllfty and weight of pile nnd elnsttcity of ram 
are neglected; this Is usually known In America a s  a n -  
dera'). 

wh x 12 
L=F- , F =  %to%. 

s 
. 2. Traatwine (1. e. the form of Trnutwlne, wherein 
the. pile in assumed to "slnk nppreclably, say, a few 
inches," under the lnst blow. 111 the later editions of 
thls authorlty, the other form. for smnller penetratlona. 
has been dropped arid this is made general. Bee "Traut- 
wine's Engineer's Pocket Book." 1889). 

3. Engineering News. (This name has been given to 

Given elsewhere in thls volume. 
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ftda form to dtstlngnlnb It, the name of its odginator 
not belng known to the author: i t  5rst appeared m 
Englneedng News of Dec. 29, 1889) 

2 wh 
safe load = - 

s t i  

It wffl be noted that Noa. 1 and 3 are allke in the 
respect that each gives similar results for equal ram- 
energtee, expressed in foot-pounds, lrrespectlve of the 
fall, whereas No. 2 introduces a theoretically Illogienl 
varlntlon In this product, which, together wlth the 
practical lnconvenlence of using the cube root in rapid 
appllcntlon, wlthont any gain in accuracy, would @ye 
preference. a s  far as form alone goes, to elther No. 1 
or No. 3 as  a working formula. 

In order to compare readlly the results obtained under 
a variety of ccnditions. Flg. 2 has been prepnred. CX. 

hlbitlng the respective values of snfe statlc loads a8 
given by the three formulas, in four cases of varying 

' 

height of fall, wlth penetratfons ranging from % in. 
to a Ins. under constant weight of ram. Were i t  not 
for the presence of the cube root in the Trautwine 
formula. one case lnstead of four would have been suf- 
5cient for comparing the three formulas. I t  1s inter- 
estlng to trace the effect of thls factor through the 
snccessive plottings and to note that it is by no means 
lneonslderuble, even wlthln the eomparatlvely limited 
range of fall. 

The dtstincttve curve# are plotted to abecleeas of 
penetratlon ln Inches (value of s) and ordinates of 
working loads (values of L). As the Trnutwine formula 
in its earlier form contained a somewhat higher coem- 
rlenb and a maxfmum factor 3f ,i Instend of H. two 
Trautwine curves are necessary to make the comparl- 
son comprehensive. the more modern form giving the 
lower values. In order to show graphlcnlly the effect of 
the constant "c" In the Bnglneerlng News formula and 
to prepare for reference further on to n 8ugReSted mod- 
ldcatlon of thls formula. the curve, shown by the full 
line of the equatlon 

w X e h  
L = 

a + ( o = a s  
bas been ht~odqced. In  the Weisbach-Sanders formula 



FIG. 2. SHOWlkG DlF'ERlNG VALUES BY VARIOUS FOR- 
MULAS IN FOUR CASES WITH VARYING FALL AND 

VARYING PENETRATION UNDER CONSTANT 
WEIGMT OF RAM. 



60 
k' is taken a t  J,$, and in all four cases w is taken a t  
2,000 Ibs., h being 15, 20, 25 and 30 it., respectively. 
Vnlues of I. nrp glven 111 pounds, to the nearest thousan~l. 

I t  is hardly necessary to mention that these curves 
are merely graplllc representntions havtng no generic 
value. But their compnrlsou is instrnctive and we nre 
struck by two practical considerations: flrst, that where 
the values of s are from in. to 1 in., there is a 
closer approach to nniformity in the formnlae than 
when s is either greater or lees; second. the Engineerlug 
News' functions with constant (c = 1) gives values m6re 
and more conser~atlve. compnratlveiy, as  the values of 
s become smaller, whereas the cnrve with c taken a t  
0.3, while growing conservative ns s becomes greater. 
maintnlns more nearly an nvernge of the othef two 
where s Is smaller. The flrst observation implies that 
the experiments preceding the adoption of all three 
formulas were conducted within a comparatively uar- 
row range of falls: whfle the second points to the use 
of the lower valne of c as being more logical. fop tt 
will be ndn~itted that, other things being the same. 
the smaller the penetration, the grenter the expectation 
of stnbtlity of the support to the pile, as  well as the. 
initial sustaining power of the pile itself. Proceeding 
a step further we find that the c curves converge 111 
the direction of greater pcnetratlon, but preserve thelr 
conservative quality; whereas. in the opposite direction 
the Sanders curve gradually passes entirely out of the 
fleld of practicability. The conclusion seems to be 
warranted, therefore, that with a sultable value for 
c, the Endneerlng News' formula is more rellnble and 
rather more convenient In practical use than Trnut- 
wfne's, and equally as convenient and more conserv:~tivr 
than the Weisbach-Sanders. It is to be borne iu nlincl 
that within the range of moderate prnetrntion (2 in:. 
or less) ample experience has demou.;trated that for. 
ordinary condltfons any one of the three gives safe 
results. 

In the discussion of the third division of our subJeet. 
the consistent application of the forniula to varyin:: 
csndltions, the value of c will be cwnsidered. 

We have seen that the form of formula No. 3, 
2 wh 

L -- is the simplest, and that Its results are re- 
8 + C 
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liable and conservative. If, then, I t  is found to be 
appllcnble to all cases without chnnge of form, and, in 
addition, to be readily adaptable to classiflcatlon, it 
will be suitable as  a bnsls of uniform practice and also 
as  a means hereafter of increnslng our practical knowl- 
edge of the efectency of benrlng piles, by accumulating 
comparakle results. The writer offers, a s  the only fea- 
ture in this paper for which originnlity is clalmed, a 
development of the formula which lends itself in a very 
elastic and consistent manner to the desirable end. Jt 
consists simply in making c a tangible variable for 
natural conditions, and a selective vadable within lim- 
lts according to the requirements of the case. In order 
to make this perfectly clear we should constder that 
there are three general cases ln which modiflcation may 
be necessary: 

1. Where the load is  static and known, but the nat- 
ural support for the piles 1s insecure or doubtful. 

2. Where the support is reliable, but the loap la dy- 
namic. 

3. Where the support is  not reliable and the 1oad.i~ 
dynamic. 

In the %rat case, the variation can generally, thongh 
not alwnye, be gaged by the resistance of the materinl 
lnto which the pile is driven, under what mny ,be 
termed a standard blow. The writer considers that a 
2.000-lb. ram falling 20 ft,, or an equivaleut product of 
40,000 it. lbs. on a 12-in. pile, constitutes a convenient 
standard for this purpose, and when the standard blow, 
or a serf- of such blows, 1s delivered on any pile, the 
&served penetratlon should in a majority of cases nf- 
ford a tangible measure of the security of the strntum. 
If. then, we substitute for the constant value of c a 
series of values based on the above conslderntions, we 
can readily determine with practical correctness how to 
den1 with pile-beds of various degrees of flrmness. 

The rule adopted by the nuthor is to make c (for static 
loads) =.l+ n whereln .1 is  an arbitrary constant, in- 
troduced to prevent exaggerated cnlues of L with very 
small values of s, and n is made equal in the case of 
each pile to half the square root of the maximum pene- 
tration of the pile under a blow of 40,000 it.-lbs. or 
more. 

Table 1 gives corresponding values of n for different 



penetrations, and shows that wlthln the extremes of 
penetration of about 1-6 in. to 3 Ins. under the standard 
blow the values of c vary from .3 to 1. these belng the 
vnluea for the two curves of this formula In Fig. 2, 
whlch we have considered. 

In the second case the selective variable shonld be 

TABLm 1. 
A General We-Drlvfng Formnla 

For Statlc Loads: 
2 wh 

L - the working load = -- w Is weight of ram: 
s + . l + n i  

h is vfrtaal fall in feet; 6 b set in inches under l u t  
blow. 

Bor Dynamic or tlbrstory Loads: 
2 wh 

L== 
a+ . l+n+n '  

n is  a funCtlon of the oherred enetmtion a' tn 
inches under a standard blow of lib 000 foot *po;nde 
n' is kn arbitrary vsrlable whlch is'dependent upon 
the character of the pile duty. 

8'. 
34 Inches. 

' k "  
% '' 
% "  
1 '' 

of e- - Value8 of n' crocordfng to duty. n == clessitlcatfon. 
8 n'. Clrasitlcat~on. 

.I76 -1 Large bulldhga to contain light 
machlner In motlon. 

,250 .2 Lon span %ridge abutments for 
raf~ways. 

2364 -3 Long span bridge abutments for 
hl hways. 

.433 .4 ~ui l t inga  to contaln heavy ma- 
chlnery in motion. 

-500 .46 Short man bridw abutments for 
treetlhs for railways. 

.K!B -5 Short span bridge abutments for 
hl hways. 

.@Xi .55 ~uil%ngs subject to extraneous 
vibmtion. 

.682 .6 Foundatlons for machiner 

.707 .7 Elevator towers tn or&nm 

2% " -750 .75 Brld e iere erpoeed to current 
~i6ra8on. 

Light houses exposed to ordinary I 
wave nctfou. 

Fouq$ations $or turn-tables. 
lvot bridges. 

Chimney s&c& exposed 
wlnds. 
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wed, and here the engineer must be fled by his ex- 
perience or the experience of others as to the value of 
n' to be selected; Jhfs will be further considered. 

In the thlrd c u e  both the tanglble and selectlre varl- 
aMes of n and n' must be introduced. 

m e  extreme case tn which this formula should be 
used under the most favorable clrcumstances. Is for a 
penetratfon of % in., as  it Is di!Ecult to measure stna1lt.r 
pe~etratione wlth sufaclent accuracy. The maslmu~n 
value of L, therefore. (uslng c = .27.5, as glven in the 
table), for s - 0 + would he 

2 wh 
L = - = 7.3 wh, 

-275 
whlch a s  h Is expressed In feet and s In inches, glves 
a worklng factor sttll of 12 + 73 = 1.7. But we should 
attach llttle value to small sets. whlch must always 
be vlewed wlth busplclon, an3 often, moreovcr. indlcate 
results beyond the crushlng strength of the plle. 

This table applles aolely to bearing piles; the results 
are to be taken only when found not to exceed safety 
as  against flbre-crushing, or a s  against buckltng In casm 
wherein the pile acts, wholly or in part, as a column. 

In thls conslderatlon the author has purposely con- 
fined hlmself to plles proper and has not extended It to 
pillars or columns, which they sometlmes become when 
driven through a soft stratum to an unyieMIng bottom. 
or into a denser lower stratum. In all such cases great 
care and dlscrlmlnntlon is necessary as to what extent 
results given by the plle formulas can be used, and 
alao as to the Ilmltation of drlrtng. These formulna 
are only for determtnfng the eUlc1eticy of plles to dbtiib- 
nte, throughout the stratum, loads which Its surface 
cannot sustain. I t  is qufte poaslble to overload the 
stratum by drivfng plles too thfckly; It Is aometlmes ' 
thought that If three plles. for Instance, are good in a 
certain area. efx will "make assurance doubly sure;' 
thls pollcy Is not only costly and foolish, hut In many 
cases It is dangerous. A certaln public bufldlng in New 
Orleans, of which the author has heard, stands on an 
enormous number of square piles drlven so ns to touch 
one another; In other words, there Is a solld wali af 
wood, and Instead of each plle having four snrfaces In 
contact wlth the sustalnfng stratum, only the oater 
rqws bqve contact, mna they but on two m c e s ;  the= . 
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are. therefore, from four to six times too many plles 
used and the support 1s still much less thau could have 
been obtained. 

There seems to be objection in many quarters to 
piles for foundntions of buildlngs, wlitch 1s not war- 
ranted in the light of their record in engineering struc- 
tures, and which greater care and closer economy ln 
their use should dispel. As a rule, in the author's 
judgment. their sustaining powers are greatly undrr- 
rated. and too much importance 1s attached to small 
"sets." He has before hlm the speciflcatlons for a 
large structure to rest on plles. which require that "all 
piles shall be driven to a half-inch set from a 2,Tilb.  
hummer falllng 25 it.," and the plans are drawn with 
the idea that that degree of flrmness In each pile can 
and will be secured. Possibly experimental drlvlng bas 
nlrrndy determined that the expected conditions will 
be found, but It is more thau likely that lu driving 
tlie piles. either considerable latitude will be taken or 
'nu excess of length will be used. Sometimes In the 
~etlrch for flrm bottom, successive tiers of piles have 
been driven, one presumably on top of the other, to 
great depths: whereas. if an equal number of piles. or, 
better still. If n umaller number. but of larger dlnm- 
eter. hnd been (lriveu in one tier, niuch greater ac- 
tual stability would have been secured with greater 
economy. 

The  author then closes his paper with a short 
cliscussion of the effect of the "selective values of 
11'" which is  more clcnrly shown, we think, by the  
tnble which follows in Mr. Wellington's discussion. 

The discussion of Mr. Crowell's paper was  opened 
by Mr. A. JI. \Vellington, a s  follows: 

Aa the author of the formula which Mr. Crowell 
has been good enough to select as on the whole the 
most convenient. perhaps I ought to open thls die- 
mussion; but I mtist do so more briefly t l~nu I should 
wish. in order to cover duly nll points to be con- 
sidered, as what I l~rlve to say would perhaps be mo:.o 
npproprtate in the form of a separate pnper than in 
tlie form of a discussion. 

I ahould premise thnt in any formula in regard to 
plle:drivtng, it muet be assumed that the piles qrg _ 
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drlven b d e r  ratford conditions. 80 that  they a re  
neither so  heavily struck and so neglected In respecb 
to aawlng off broomed heads a s  to be b.~ttered and 
broomed unrensonably a t  the time the last few blows 
a re  glven, nor so llghtly struck tbnt the blow does no 
work. It must nlwnys be assnuled, too, that the  pile 
has been sinklng with rensonabie regn'arftg under the 
last few blows. nnd that the behavior of the plle when 
drldng, and of the other piles around It, has becn 
such a s  to give reasonable assurance that the appnrent 
untformity of set is  not deceptive, 1. e.. that the pile is 
not really on the point of breaklng through a thln muat 
Into a semi-fluid substrntum. or anything of that klud. 
DifEc.ulties of thnt klnd must be y a r d e d  against by 
the judgment and experience of the engine?r, or not nt 
nll. Formulas cnnnot nttempt to provide for them, bu). 
fortunately, they are the exception. 

The formula to which Mr. Crowell gives the prefer- 
ence was originnlly pulrlished in Engineering News of 
Dec. 29, I&%. in connection with a n  extensive as- 
russion of the whole subject, alld In  omp par la on with 
16 other formuins. I t  a s  there glven in the form 

2wh L =  - 
s t  1 

In whtch 1. - "the safe worklng load for plles under 
nil ordinary conditions, to be reduced under exceptional 
conditions (as notnbly wlth Irregular penetrations), but 
never exceeded unless the plle Is known to rest on 
rock and act a s  a colnmn"; w - the wclgh6 of the 
Immlner In pounds; h = the height of fu:1 In feet, and 
s =penetration under the Illst blow in I~iches, "assumed 
to be sensible, and nt a n  npproslmately ut~lform rate.'' 

Thls formuln was put forwnrd ns a pnrely empiricul 
one, and i ts  usefulness established on'y by cornparlng 
i ts  results'wlth known ins tnnre~  of resistance, and 
wlth the indications of other forrnul:~~. but, a s  a matter 
of fact. i t  was not prlrrly eii~pirical by any means; 
on the contrary, the general form. 

L..twn 
s + c  

was Prst deduced a s  the correct form for a theoreti- 
r.ally perfect equatlon of the hearing power of piles. 
hftrrtng some trifllng and neg1igil)le elements to h0 
I I O I ~ ~ ;  and I elatlu iu regard to that general f o r a  
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tha6 16 includes In proper relation to ench other every 
camtan6 whlch ought to enter Into sucl~ a theoretically 
perfee6 practleaf formula, and that It cannot be modf- 
fled by making It more complex, as  3Ir. Crowcll pro- 
poses, or by maklng i t  less complex, without maUng It 
less correct and trustworthy as  well as  less couvenlcnt. 
The numerous formulas by such high nuthorltles nr 
Weisbach. Ranklne, Sanders, Nystrom nnd many . 
othera, which contaln from four to six other con- 
stants or variables. and have milch more complex 
forms, I clalm to be not only practlcally unsultahle, and 
for the most part, untrustworthy. but theoretically 
erroneous; not, of course. In thelr mathemntfcnl 
work. whlch I should not venture to question. but In 
their practical premlses. Thla posltton I shall not now st- 
tempt to establish nnf8rmatlvely. otherwise than by 
summarlzlng the process by which my own formula was 
deduced. which I believe to leave no gnps o:>en for 
correction by more mlnute work. Au error of ju lgment 
whlch has unnecessarily and greatly compl1cnted ninny 
of the formulas Is dealing with the energy of the blow 
In terms of welght multiplied by veloclty, lnstead of 
foot-pounds of work. 

In any ease of plle-driving by blows, the work dono 
la represented by the product of welght of hummer 
multlplled by helght of fall= wh. There Is a sm:~ll 
loss from d r  resistance and frlctlon In the guides, but 
this 1s infinitesimal wlth vertlcal guides. and is unl- 
versnlly neglected. Mr. Crowell suggests detesmlnlng 
this loss by chronograph observations, but It wotll~l h. 
a waste of time. Even with a 8 f t .  fall the strlklng 
veloclty Is only 30.1 miles per hour; the mean a'r 
resfstance to the hammer Is two to four lbs.. m d  the 
loss therefrom merely equlvnlent to so much off t' e 
welght of the hammer, or about 1 port In 1.000. As.  
for frktlon, that is always a function of pressurr. 
and though the hammer Itself Is heavy, It call never 
press wlth much force against the vertical gullies. 
whlch It loosely flts, If nll 1s In good order. Even if 
the y ldes  are not qulte vertlcal, the loss rnust be 
smnll, except In some rare cases when the guld~ls aI.e 
purposely set much Incllned In order to drive lnrlined 
piles. Such cases are rrccptlor~s not now con ldertd 
for which a proper speclal nllownpce can b? made bx 
the engineer. 
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All tllrsc* hmt-pounds of energy. wh. then, barllng !his 

~~~~irers t t l ly  and Justly neglected frnctional 10133, are es- 
pended somehow rlorlng the set n of the pile, so that the 
mean resistance in pounds to the ham~ne? during that 

net is expressed by '"h- 
If h be In feet, however, and s In inches, th'm 

formula takes the form 
1Kh 

P 

Now, the energy of the blow may be absorbed In 
any or all of these Eve wnys, which we will severnlly 
consider: 

1. In brooming nnd mashing the pile, either (a) vle- 
lbly on the hend. or (b) Invisibly nt the foot of the pile. 
or even in its middle, which latter is far from nncom- 
mon. 

2. In bouncing, and thus striking two or more light 
blows Instead of ol?e heavy one. 
3.' In compressing elasticnlly the material of the pile 

nnd h m n ~ e r .  
4. In overcoming the inertla of the pile and the static 

grip of the e:~r?h upon It. 
5. In causing the pile to peuetrntc against the sur- 

roulidinp ectrtb's resis!ance. 
1 (a). Rruoming of the head is an enormous source of 

loss 'of work. nhen,?ver it occurs. both directly and in 
cushloning the blow. Some such broolning allnost al- 
ways occi~rs. The recognized remedy against this, how- 
ever. and nn entirely eff~ctive one, is to sxw off the 
hroomd part. and give n fresh solid surface for tile 
Mow, when the pile ia n?arly home. Don J. Whitte- 
more, hI. Am. Scc. C. E., contributed a pnper to thls 
Society some years ago, glving the results of some most 
.nluable observations on thls head, which should be 

stuclied in this connection. 
1 (h). Brooming a t  the foot does not diminlvh the en- 

ergy of the blow on the plle, but merely dissipates it 
~lnprc~l?ictirely. I t  can generally. but not a 1 ~ 1 . r ~ .  be 
r1rtrc:rcl 1)y the skilled pile-driver by a change in the 
ltehuvior of th? hnmmer nnd pile. Xo formula does or 
vnn provide ngainst it. The judgment of the engineer 
ant1 111s nssistnnts must 11e relied on to detect Ita prob- 
able or actunl occurrence, and to act nccordingly by 
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Bfoppfng the pile-driving after brooming hns begun. 
If all these precautions be taken,brooming will not occur 
to any injurious extent to any considerable numher of 
piles. Therefore, no formula does or can make any nllow- 
ance for its effects other than In the 11su:ri coefficient 
of safety. 

2. Bouncing Invariably means thnt all the energy of 
the blow cannot be utilized In work, either bccnuse the 
pile has struck a solid obstacle to further ~enetmtion. 
which is soon detected, or because the hammer is t* 
light or its striking velocity too great. or hoth. to g6.t 
the pile in motion before It reacts elastically with more 
force than the hammer is exerting to push it down. 111 
many cases the remedy indicated is a henvier hnmmer. 
In all cases the height of the bounce, and cousiderablr 
more, represents so much absolutely wnsted energy. 
which goes to increase the brooming but not to increase 
the penetrating force, because the energy escapes again 
from the pile before the lntter begins to move. The 
judicious pile-driver, therefore, will and does cnt down 
the fall a t  once, when he flnds thnt bouncing occurs to 
any extent, and usually accomplishes far more with 
the lighter fall by so doing. A 'alight bounce at  the end 
~f every blow, as we ahall see, is an invariable and 
necessary accompnniment of a11 good pile-driving. 

3. Elastic compression within the limits of elasticity 
is not a source of loss except to a trifling extent. dc- 
terminable as follows: It is necessarily grentest at  
the instnnt after impact. As the pile gets nnder way. 
the elastic compression necessnry to transmit from the 
hammer through the pile n pressure nufflcirnt to cause 
the pile to penetrate diminishes, but so long as tl4 
hammer and the pile together are moving dowuward 
thfs decrease and resulting elastic expnnsion all takes 
effect to cnuse the foot of the pile to move a little 
faster than the head and the hammer above it. After 
the energy of the blow is so spent that the pile can pen- 
etrate no further, the remnant of elastic compression 
In the pile can only expend itself upward, and it then 
causes a slight bounce of the hummer. Except that 
the speed of expnnsion Is not qulte quick enough it 
would, we may well believe, cnuse a considerable 
bounce, as it does in any cnse a t  times. 

This last reinnnnt of energy is wasted, but it a1.w 
Is small aod negligible, except in enforcing the neces- 



sity of a coefedent of safet;~. None of the formulas 
whlch nominally take into account the elastlclty of 
hammer and plle really allow for i t  in this way. There- 
fore, except for the proviso herelnbefore considered, all 
that we need to take into account in seeklng to de- 
termlne some measure of the bearing power of plles, 
is the work done In actually moving the pile. (Items 4 
and 5 above.) This I have dealt with s s  follows: 

Let the ordinate os (Flg. 1) = the penetration of any 
glven plle under a blow, and let the rectangle m CB = 
wh = the energy In foot-pounds of that blow. Then will 

Fig. 1. 

the nlrscfssa sC = the mean resistance of the pile dudng 
its set. In what manner Is that resfstance actually Ills- 
trlbuted, nnd what part of it bears the nearest relatlon 
to the future bearlng power of the pile? 

So fnr as the inertia of the plle I s  concerned, !hat 
doe8 not enter into the problem, except as  affecting the 
elnstic compression of the plle, which we have alrendy 
considered. The energy absorbed In acquiring velocity 
I s  given out ageln In surrenderlng it. nnd the mean re- 
sult Is the same. What we nre after only is the ex- 
ternal resistance to the motlon of the pile. 

In its absolute amount. this 1s ns varlnble as  the earth 
Itself. But reasoning from the general lnws of frlc- 
tlon and the known nature of earth, these general con- 
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dltlons must obtaln: at the instant after Impaet there 
must be a very lnrge excesa of external resistance, OD 
(Fig. I), due to two permanent causes: (1) the excess 
In the coemclent of static frlctlon or of friction a t  very 
low velocltles over that a t  relatively hlgh velocities, 
and (2), the aettllng of the earth around and Into the 
Irregnlarftles of the pile, in the Interval since the last 
blow. Thls Isst, in fact, may be considered as a gen- 
eral phenomenon, whlch occurs, in some degree, with 
all surfaces In frlctional contact, so that (2) Is only a 
part of (1). 
(under the genernl lnws of ffietion between such sub- 
stances. ns I understand them, thls heavy excess of 
lnltinl frlctlon, OD (Flg. I), will rapidly, but not in- 
stnntaneously, decrease to some pnlnt E. where It will 
hnve n much reduced vnlue. s'c', wi~ich thereafter will 
remaln sensibly ronstnnt during the remainder of the 
set. In this case, we h:~ve the irregular -re of 
oDEFs, whose urea must = a h .  

The nearest measure of the futnre be:tring power of 
the plle. obviously, will be the comparatively uniform 
frictional resistance to penetration. SF (Fig. 1). niter the 
lnitlal excessive reslstnnce hns been overcoxpe; because, 
In large part, thls eicess is due to the suddenness with 
whfch the blow ncts on the pile, and a gentler un- 
ceasing pressure of much less force in pounds mny over- 
come it: besides which, tremors, seepage of water. 
yielding of surrounding soil, nnd other like causes mny 
overcome it. The same causes snny partially overcome 
the smnller constant resfstance SF, but' that posslbllity 
we allow for in the coef5clent of safety. All that Is 
claimed is, thnt thls force, SF, comes the nenrest to a 
true measure of future bearing power of all possible 
conatnnts. 

To determine sP  In terms of non-vnri:~bles, we nlust 
construct n rectangle os'C'B' whose nrcn = oDEFs - 
osFB' + DB'E = wh, which I do as  follows: 

I nssume that the decreasing excess reslstnnc-e out- 
lined by the llne ED, and whose vnlue in foot-pounds 
1s expressed by the irregular area B'ED, Is couflned 
withfn the first inch of penetrntion (1. e.. thttt R'B = 
I) ,  and that the initinl excess B'D =3oW = BsIp. Th? 
selection of these pnrtlcular constants lustend of otl~ers 
a little higher or lowcr Is pnre ~ssump!ion, 111 the 
eense that we cnn never kuow experi~rntnlly, or, at  



least. do not now b o w  just how thls la. But It fa 
based on extensire obserrntlons of the behavior of plles 
in driving and on many years' experiment and study as  
to the general laws of friction, as  embodied In part in 
my paper on that subject (Transactions Am. Soc. C. E.. 
1881, Vol. XSVIII. p. m). where the diagram of actual 
oltservntions on page 420 will be found to bear a strik- 
ing resentblance to Fig. 1 of this discussion. I hare no 
doubt rhat the above assumptions are essentlaily a:.- 
curnte.and suitable. espeeiallp as co~~siderable modittcn- 
lions thereof do not essenti:rlly modify results. That 
Ihe ge~~ernl  nature of the distribution of force is eor- 
reetly outlined in Fig. 1, does not in my judgment admit 
of doubt. 

Under these two assuulirtiolls we have geometrically. 
Triangle B' EL, = k L' D x 2;' E 

= % ( o B ' X 3 ) ~ 1  
= 1% 0B'. 

.But. furtllcrmore. the frre.glnr area B'ED is geometrl- 
cnlly equal to nbout two-thlrds of triangle B'ED, 
whence 

Iriegular area B' ED = oB' X 1. 
Then, in order to determine the vular? of the nbsciwa 

olY - SF = s'c', we I I I U S ~  add to the rect;~ngle OF an 
nrcs:l = oB' x 1, which we do by making ss' =l and 
s'c' = oB', whence we hnve, letting oB' = R = the as- 
sumed maximum b(.aring power of the pile-- 

wh =.R x (s + 1); 
wheacc we hare 

or, if h be in feet and s in inches, as usual, 
R = 1 5 '  

S + l ' ,  

This was and is n ~ y  fornluln for the probable 111tlmate 
bearing power of 1)ilcs. Burring the petty exceptions 
noted stbove, I believe it to be iucnpnble of further rc- 
finenlent and amplification in any wny in order to cx- 
press Inore accnrntely the probaI>lc ultimate be;~rtng 
rwwcr; and I belicvc it to be especially unwarranted 
:111ci injurious to tamper with the cotlsta!it 1. RS Mr. 
1:rowr.ll proposes, in ortlrr to allow for future condi- 
!ions of tllc pile. in respect to trcrnors. or in respect lo 
the iml,ortnnce of sti~bility. TLlrt constant has no ~p 
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htion to snch allowances, any more than the variable8 
w. s or h. The proper way to allow for these future 
tlldterelices of conditions, and the only proper way, 16 
by varying the coe5clent of safety. 

For myself, I assumed the factor 6 aa the coeBclent 
of safety, giving to the formula the form 

2wh s =  - 
s + 1 

in which S = the safe load In the pile = 1-8 the prob- 
able nltimate. I assume 6 a s  a factor of safety, rather 
than 4 or 5, stmpiy because I found 6 to give a s  big 
loads a s  a r e  customary, or a s  are In many cases safe. 
I do not question that in many cases a factor of 2, 3, 4 
or 5. or even 1, might also prove safe. In  some cases 
they have done so, but in other cases they have not, 
whereas I have a s  yet discovered no cases where the 
factor 6 had proved lnsufliclent. either experirncntnlly 
or In service. As the factor 0, moreover. wlil in na 
case require piles to be driven closer together than is  
customary and rensonable. I should ndvlse In nli cases 
adhering to it, unless under some very excrptionni clr- 
cnmstnnces, where the engineer nlny see tli11t he hns 
special cause and jastIflc:~tlon for tzlking more chances. 
H e  can be reasonably sure thnt 111s pile wlll do i ts  allot- 
ted work safely wit11 a fnctor of 0, but not with a 
smaller factor-that is all. 

Apart altogether froxu the sl;eci;rl reasons so fur ad- 
vanced, i t  is wrong in principle to tanlper with the 
constant 1 and make it a variable, in order to vary the 
factor of safety to suit future conditions, a s  Mr. Crow- 
ell proposes. That constant 1s a pnrt of the denomin.itor 
of a fraction. For well-understood m:ithen~aticnl rm-  
sons, if It is desired to increase the vnlue of a fraction 
by 10, 20, 50, 100 or any other per cent., which is wI~nt  
Mr. Crowell is aiming at ,  it  is impossible to do so ln 
any simple way. by modifyltig the denominator. It 
should be done by a factor modifjing the fraction a s  n 
whole. 1, e.. multiplying the numerator. When, a s  In 
this case, the denominator consists of two terms, any 
attempt to vary the value of the frnctlon to suit any 
desired coefecient of safety, by varying only o i ~ c  of the 
terms of the denominator, is pnrticulnrly ol)jt~ctIonahle. 

A further reasoll why the constant 1 should not be 
tampered with, 1s that, a s  i t  happens, in the extreme 
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case when s =0, 1. e., when the pile has struck solld 
ground and can penetrate no further, the formulas re- 
duce to the form R = 12wh. and S = 2wh, whlch h a p  
pen to be just about what the pile can safely carry a s  
a column, a s  ulthnate or safe londs, under ordinary and 
probable values of w and h, whether regarded a s  a 
short column with its bearing power limited only by 
the crushing strength of the wood, or ns a long column 
liable to flexure. -Therefore. it becomes unnecessary 
to consider the special case of the pile nctlng as a col- 
umn. The formula is general for all conditions. When 
the constant 1 is reduced to considerably less than 1, 
a s  Mr. Crowell proposes, the appnrent safe loads be- 
come excesslve, and considernhly more than the crush- 
ing strength of the pile itself. As it is only in these 
aises thnt Mr. Crowell's proposed modifications give 
materially difPerent loads from the original simple form 
of the forniula, it will be seen thnt the added com- 
plexity Is not only without admntage, but distinctly 
injurious. 

To prove this fnct I have computed the following 
table, which sutaciently explailis itself. The last three 
columns give the ratio of the safe load, indicntcd by 
three cases of Mr. Cromell's modified formula in com- 
parison with my origilinl simple form. The table mny 
be divided horizontally illto two muin parts, that  for 
penetration of less than 1 inch and of over 1 inch. 
Relntive Safe I ~ a d  Indicated by Orlginal En iueeritlg 

Xews Formultl, and the Same a s  Modlfied t y  3Ir. 
Crowell. 

Machin'y 
En ineer- Ordinary Railway foundn- 

Set S. ing sews .  cases. bridges. tloli: 
hone ......... 1.00 3.0s 1.87 1 l . r  
.0% .......... 1.00 2.08 1.56 1.13 
0% .......... 1.00 1.58 1.30 .9i 
0% .......... 1.00 1.37 - . - 1.18 ... .!I a 

1 ........... 1.00 1.25 1.11 .9 1 --- - 
2 ........... 1.00 1.07 .08 . $8 
2 ........... 1.00 1.08 .9f3 . %!4 
4 ........... 1.00 .08 .W .UX 
.-I.. ......... 1.0 .97 .m .8S 
0 ........... 1.00 3 5  .93 .8* 
7 ........... 1.00 .93 .03 .*!t 
8 ........... 1.00 .95 .93 .8!) 
9 ........... 1.00 .94 .93 .8!1 
10 ........... 1.00 .94 .92 .90 
11. ........ .X 1.00 .94 .92 .W 
12 ........... 1.00 .04 .92 .a0 



Considering the small penetrntions first: Mr. Crow. 
ell's modiflcations have substn~ltially no effect on piles 
for machinery foundations, nor on any piles where the 
penetration is as  much as  one-half inch. Less penetrn- 
tions than that are generally bogus, as prncticai men 
know, and indicate thnt the piie is brooming and mnsli- 
ing rnther than penetrating further. For these cases 
Mr. Crowell's modiflcations indicate thnt from one and 
one-half to three times grenter loads are safe. but 
thls is untrue as  n fnct, as just stated, for the simple 
renson that such loads amount to one-half to three 
times the safe strength of the piie ns a column. 

For penetrations above 1 in., Jlr. Crowell's formula 
gives almost identical results for "ordinary cnses" in 
a much less simple way; but for railway bridges he 
says, in effect, thnt my simpler form gives 2 to 8 per 
cent. too grent loads, and for machinery foundations 
he says, in effect, thnt my form gires 10 to 12% too 
great loads. These are small differences to dispute 
over; but I deny the fact that the& exist, or that 
there 1s any evidence to show thnt they exist, or tend- 
ing to show it. Certainly Jlr. Crowell odrapces no evi- 
dence to show thnt they do. I think he will he sur- 
prised to flnd how little effect upon the 5nal result his 
apparently considerable modificati~ns of the original 
simple formula really hnve. Before proposing them, 
evidence should be ndvnnced to show that the simpler 
formula is really the less trustworthy of the. two in 
eome one case, at  least; nnd, assuming that evidence 
to have been produced, the proper wny to give it effect 
1s to make the coe5cient 2 of the nuruerator a variable 
and not the constant 1 of the denominator. 

I must not be understood to take the position thnt the 
load placed on piles should not be decreased in import- 
ant structures subject to tremor, or that i t  may not be 
increased for carrying unimportant temporary struc- 
tures. I merely say that any excess or deflcit in such 
cases is guesswork, pure aud simple, and therefore 
does not belong in a formula. The way to make such 
changes is to space the piles n little nearer together 
or farther apart thhn we otherwise would; not to 
"monkey with" our basic formula (which is already lia 

exact as  theory permits us to make it) by arbitrnry 
changes in the general direction of the allowances we 
wish to make. 
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Mr. John C. Trautwine, Jr., a f ter  briefly com- 
menting on the  inherent difficulty of securing any 
precise formula of general application, presented 
the  following discussion, an  exceedingly valoable 
feature of which was  a big list of actual  records 
of the  bearing power of piles: 

The weight of rnm and the height of fall may indeed 
be determined with reasonable exnctness, and the prod- 
uct of these gives us, no doubt, quite approximately, 
the energy stored in the ram a t  the instant when it 
comes into contact with the head of the pile; but In es- 
timating how much of this eriergy is utilized in drivlng 
the plle, we nre obliged to remember that the mass of 
the pile has yet to be set in motion; that the dlrection 
of the blow can seldom be more than approximately in 
line with the axis of the pile; that the vibration of the 
-pile undcr the blow will vary with the length of the 
pile projecting from the ground; that accordfng to cir- 
cumstances this vibration may facilitate or impede the 
driving, and that to an unknown extent; that the pile, 
even a t  its best estate, is more or less compressible, 
nud that the head must become more or less crfppled 
by the blows delirered upon it, thus further increasing 
and rendering still more uncertain the amount of the 
useless consumption of energy In the delivery of the 
blow. 

But perhaps the most serious dlf8culty is encountered 
when we come to deduce the supporting power from the 
estimated effectfve energy of the blow, divlding the 
latter by a quantity containing the penetration or set 
per blow, as is done in all the formulns embraced in 
the present discussion. As observed by Mr. Rudolph 
Herlng.* "the only method which can be depended on 
in calculating the sustaining power of plles held by 
friction, is the experimental one which introduces the 
actual distnnce (sf which a pile sinks under the last 
blow." And yet this very factor, the absence of which 
would render these formulas irrational and w f m t  
whlch they would fall to the ground, constitutes at 
the same time, perhaps, their weakest point. eepecl&y 
In formulas which, llke Major Sanders', have not a 
-- 
* Given elsewhere la Iptbis volume, 



second additive quantity in the divlsor. The penetra- 
tlon, a s  compared with the height of fnll of the ram, 
is In moat cases very small. The circumstances of 
actual practlce seldom permit an accurate measure- 
ment, even of the apparent penetration, which again 
is always complicated to a considerable and uncertain 
extent by the compressibility of the pile and of the 
soil, and by the broomlng of the head of the pile. And 
yet a very small error in the measurement or estima- 
tion of the penetration evidently causes a wide diver- 
gence in the results given by any formula in which thla 
factor performs a prominent part. 

Flnally, we are almost entirely without experimental 
knowledge of the subject. All of the results I have 
been able to obtain in which the ultimate bad  Is given 
or from which It may be inferred, are embraced in 
the handful mentioned below, and some of these (as 
explained in place) are of an  exceedingly doubtful char- 
acter. 

But, the uncertainties of the case do not cease with 
the driving of the pile. Vibrations due to the load itself 
or to  those upon neighboring structures, the lubricating 
effect of infiltrating streams of water, the reduction of 
pressure by the dredglng away of material from adjoin- 
ing works; these, and perhaps other causes, may oper- 
ate to reduce the frictional resistance of the pile. 

The author has earned the thanks of ,the profession 
by endeavoring to reduce the element of uncertainty at- 
tending pile-driving operatious. He has done this by 
selecting that one of the existing formulas 

which most commends Itself to him by ite simplicity 
A 

and by its conformity to known principles, and has 
modifled it by changing its dlvlsor (s + l), substituting 
flrst the expression s + 0.3, and flnally the expression 
s + 0.1 + n + n', in which n = half the square root of 
the penetrations under a standard blow of 40.000 it.- 
Ibs., and n' serves the purpose of an additional factor 
of safety and varies from 0.1 to 1 according to the duty 
to be performed by the structure. 



The flve formulas discussed by Mr. Crowell may be 
written thus:* 

llwh 
Banders:** L = & TO** 

12wh 
CIUwell(8): L = 8 - 

s + 0.3*'* 
12wh 

Crowell (b): L = 8 -- - 
S 

Trautwine: L = (4 to i2) ??Lvh 
s + 1- 

in wl~ich, a s  in Mr. Crowell'a paper, 
IA = the safe load on one pile;* 
w = the welght of the ram.* 
h = the helglrt of the fall in9feet:*** 
s = the penetration per blow under the anal blows, 

in inches;*** 
n' = a term varying from 0.1 to I. 
As thus written, the numerical frnctlonal coe5cient 

Is the fnctor of safety, and the other inctor 1s the ex- 
treme load R on one pik. 

It will be noticed thnt there 1s a certain similnrlty of 
form existing bet\veen all of these formulas. All ha've 
in the numerator the product of the weight w of the 
ram by a functlon of the height h of fall, nnd In all 
hut ours this function is the fill h itself. They thuv 

. ::gree in deducing. more or less directly, the work done 
from the energy stored in the ram. without maklng 
any deflnlte provision for the inertla of the pile; re- 
sembllng in this the simplest possible ratlonal formula: 

l 'wh, R =  - 
8 

in whlch R is  the resistance (assumed to be constant) 
of the earth to the penetration of the pile; ln other 
words, the extreme load of the pile. - -. - - -- . - . - - -- - - - 

L and w to be measured in one and the same unlt, 
a s  both In pounds or both in tons. ** Mr. Crowell ascribes thls formula to Welsbach 
but I do not flnd it given by that  author. I t  is give; 
hy Mnjor John Sanders in the "Journal of the Franklln 
Instit~~te." November. 1851, p. 30P. 

*** If h nnd s are  taken In one and the same unlt, 
ns both in feet or both In Inches, the number 12 dis- 
appears from the numerator of the fire$ four formulaa 



78 

Like this very simple formula, also, all of those dls- 
cussed contain in their denominntors the penetra- 
tion, s, of the plle under the last blow, or, as  it Is often 
put, the penetration per blow under the last few blows; 
but, in all except tbai of MaJor Sanders, the denomln- 
ator contains a second term to be added to the penetra- 
tion, and in Mr. Wellington's formula and .OK own 
this added term is simply 1 in. 

Mr. Crowell refers to the use, in our formula, of the 
cube root of the fall as  belng theoretically illogical and 
practically inconvenient. Inconvenient i t  certainly is, 
as com~ared with the use of the fall itself. but I do not 
see that it Is "theoretically illogical." On the contrary. 
so long as  increase of height fall beyond moderate 
limits is found to be attended by increased losses of 
energy, i t  must be theoretically logical to make allow- 
ance for them, and the simplest if not the most rational 
way of doing this would seem to be, to represent the 
energy of the blow as  varying with some power of the 
fall lower than the first. 

Other things being equnl, a high fall seem6 to cause 
a greater waste of energy in damaging the pile, and, 
as  M a  Wellington has pointed out, in rebounding of the 
ram, besides allowing a longer time for the material 
around the plle to re-compact itself. 

McAJpine's experience a t  Brooklyn led him to believe 
that the supporting power of a pile vuries as  the square 
root of the fall. 

I t  can readily be shown that the large coefecient (50) 
necessitated by our use of the cube root gives excessive ' 
loads in cases of very low fall, such as  may perhaps 
occur a t  times with the Nasmyth steam-hammer pile- 
driver. Thus, for s fall of only 1 ft. our 50 jr 
becomes Wh, and may thus give a load even much 
greater than 

(see Fig. 2). For a 2,000-lba hammer falliig 1 i t ,  and 
producing 1.5 ins. penetration, our rule gives 40,000 
Ibs. as  the extreme load, whereas the greatest theoret- 
ical ertrcrne load 

1 k h .  
s 

is only 16,000 Ibs. It may be proper to wm1der. how- 
ever, that such w e s  hardly come within the actual 
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fess that  the perusal has not resulted in that firmness 
of conviction which could have been desired. I t  seems 
perfectly reasonable to assume thnt there is, a s  Mr. 
Wellington claims, an excess of resistance a t  the be. 
ginning of penetration: hut we a re  not shown how the 
valries of B'D and B'D in Mr. Wellington's Fig. 1 
(B'E = 1 in., and B'D =3 .0B)  are deduced from his 
obseryation of the behavior of piles, and from his ex- 
periments and study a s  to the laws of friction, and in 
the absence of this I am inclined rather to indorse his 
admission that  the adoption of these values "is pure 
nssumption, in the sense that we cnn never know ex- 
perimentally, or a t  least, do not now know, just how 
this is." 

Hence, I cannot jofu in Mr. Wellington's objection to 
sir. Croweli's innovation in "tnmpering with the con- 
stnnt 1, and making i t  a varinhlr." On the coutrary 
i t  seems to me alto-ether probable thnt this term may, 
in fact, vary greatly (perhaps a s  much a s  froin 0 to 2. 
3 or 4 ins.. or even more) with differences in the char- 
acter of the soil and of the pile, or in the weight of 
r;im und height of fall, and should, therefore, be made 
to appear a s  a variable in the formula. Indeed, if we 
11:td a t  command a sul3cient assortment of relinble ex- 
perimental data, I think we might be able, by mod- 
ifying this term, to produce a more nearly serviceal~le 
formula thnn any yet presented. Mr. Crowell's pro- 
posed Innovation, therefore, so far  from being an un- 
pardonnble sin, seems to me to be an effort in the right 
direction, although a comparison of his results with 
the few experimental data nt hand seems to indicate 
thnt h e  has not yet hit upon just the happiest combina- 
tion. 

It appears to me also. in view of "the excess in the 
coemcient of static friction, or of friction a t  very low 
velocities over thnt a t  relative1 y high velocities," thar 
Mr. Wellington's diagram should show a n  increase of 
resistance toward the end of the penetrntion, w h ~ r e  
the pile is  being brought to rest, nnd where, conse- 
quently, the velocity is  rapidly dtbcreasing. This final 
excess of resistance, would, no doubt. be less than the 
initiul one (B'ED); but, such a s  it may be, i t  would 
seem sufecient to render us cautious in accepting im- 
plicitly a n  argument based upon the diagram wlthout it. 



$1 
Mr. Crowell. in his first suggested modl5cation of 

Mr. Wellington's formula, proposes substituting 0.3 in 
place of 1.0 in the divisor. That this is an uufortonatc. 
deviation in the direction of Jdajor Sanders' omiisl n 
of any additive term, is-indicated by my Fig. 1, where 
the curve representing thls form of Mr. Crowell's formu- 
la is seen to mount very rapidly as  the penetration 
becomes less than, say. 1 inch. Mr. Crowell's 5nal 
formula. in which thls term becomes 

0.1 + ?4 ,/s 
wh 

suffers even more severely from this defect, for the 
addltive term here diminishes with the penetrution. 
While we may not unquestioningly accept Mr. Welling- 
ton's argument in behalf of the constant value "1" for 
this term, these considerations certainly indicate thnt 
It is, a t  least, safer than Mr. Crowell's proposed mod- 
iflcntions. 

I am inclined to question the propriety of nllowlng 
the factor n to be determined by means of a standard 
blow of 40,000 it.-lbs., as in Mr. Crowell's formula, 
without restriction as to weight of rnm or height of 
fall. It sometimes happens that a pile refuses under 
a light rnm with high fall, but moves satisfartorily 
with a heavy ram and low fall, and sometimes the re- 
verse of this obtains, perhaps, chiefly in cases where a 
hard and shallow stratum is encountered. 

It will be noticed that in all the formulas, excepr 
Mr. Crowell's (b) and our own, the value of the factor 
of safety is flxed. In ours "not more than one-haif 
the extreme load" is to be taken "for piles thoroughly 
driven in firm soils, nor more than one-sixth when in 
river mud or marsh"; while, if there is liability to 
tremors, only one-fourth and oue-twelfth of the ex- 
treme load are to be taken respectively. Sir. Crowell 
has undertuken to provide, in addition to his flxed 
factor of safety of one-sixth, a sliding scale for the 
term n' in the divisor of his formula, whereby that 
term is giveu a series of fourteen different values, de- 

*Inasmuch as  the term 11' of Mr. Crowrll's final formu- 
la serves the purpose of a factor of safety, and varies 
according to an arbitrary scale, with the 'use to which 
the superstructure is to be put, It should not, 1 think 
be included h e .  
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pendlng upon the servtce for which the superstructure 
is to be used and upon the exposure to which it is to 
be subjected. 

In view of the great direrslty of the conditions un- 
der which piles are driven and of those under which 
they are subsefluently employed, I cannot but think 
it better to have an elastic factor of safety rather 
than one whlch remains the same whether the super- 
structure is to be on the one hand a lumber yard or a 
mausoleum, or, on the other hand, a trestle or a draw- 
span to be used by trains of all descriptfons. 

I t  would nppenr, therefore, most desirable to provide 
a series of factors for snfety, arranged, like Mr. Crow- 
ell's, to suit the various conditions of service; but, untll 
the experimental data at  our command become vastly 
more numerous and more reliable than they now are, 
any such table must, as already intimated, be taken, 
like the "L" in the divisors of Mn Wellington's formula 
and of our own, as  a "pure aasumption." In the prea- 
ent state of our ignorance, much must be left to the 
judgment of the engineer, and he mny well be Lhanktul 
if we succeed in concocting a rule of thumb which gives 
results hearing some sort of proportion to the probable 
extreme load, ieavicg it to him to decide what portlon 
of tbis load he will tulie his chnnces with. 

C:omparing, then, the Trautmine formu:a ns it a p  
pearcd In the first and lster editions. we flnd that in 
the former we have : Estreme load in pounds - 

S-- 

60 X weight of ram in pounds X Vfall IU ieet 
penetration in inches i- 1 

with factors of safety from one-half to one-third, and 
that in the later edltions the corfacient has become FO 
and the factor of safety from one-half to one-twelfth. 

Hence. Mr. Crowell's presentation of our for.uuli;s 
in his Diagram 2, while correct as far as it goes, is 
not sutliciently comprehensive to represent our fo~miila 
properly, for his upper curve represents it with a ,o- . 
efficient of 60, and a factor of one-half, while the lower 
one repreeents It with a coefficient of 50 ant1 a fsctcr 
of one-third. A satisfactory showing would require. i I 

each of 111s four diagrams, a t  least four c u m e  for 
our formuulas, viz., two with a coefaclent of 60. one of 
them with a factor of one-half, the other with a factor 
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ol me-third; and two with a coeacient of 50. one of 
t h e ~ l  with a factor of ooe-hnlf. nnd the other ~ 8 t h  s 
fachr of one-twelfth, and I therefor? sub~~ilt  11err- 
with (Fig. 1) dingrams for his two extreme eases. I. 
and 1V. (h = 1.5 ft.. nnd h = 30 ft., respevtirely), 
dmnn in nccordnrice with this suggestion. 

I 
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In them diagrams I have used llnen of the same 
characters as  those used by Mr. Crowell, to deslglmtt 
the Sanders. the Wellington and the Crowell (n) f*rmu. 
las, respectively, each of which, allowing no 1:l'titnde 
as  to the coefecient of safety, is properly represented by 
a single curved line, while our formula, in Its two form.., 
each with a variable factor of safety, is properly reprc- 
sented by shaded areae. 

These diagrams show clearly the defect of the 81n- 
ders formula, already referred to, the allowed Ivad 
rapidly approaching infinity as  the observed penetra- 
tion fulls below three-fourths and one-half inch, nnd 
they also indicate, I think. that Mr. Crowell's proposrd 
substltntlon (a), of 0.3 for 1.0 in Mr. Wellington's 
formula, errs in the same direction. 

The resemblance between Mr. Wellington's formula 
and our own 1s shown by these diagrams, each of whirh 
represents a constant height h of fall; Mr. Welling- 
ton's formula falling well within the very wfde area 
embraced between the limits of our later form, and 
necessarily partnking of its character. But lest It 
rttigbt be hastily assumed, in view of this, that Mr. 
Wellington's formuin was but an imitntion of ours, 1 
s~ibrnit also a second diagram, Fig. 2, in which the 
penetration s (assumed a t  1 in.) is supposed to be 
constant, while the fall h is made to vary. 

Plotted in this way, the formulas of Sanders, Wrlllng- 
ton and Crowell (3) are necessarily straight-line formu- 
Ins, as 1s also the theoretical formula. 

Extreme load = 'Eh 
which I have added here for comparison; while our 
fcrmulla. of course, appears a s  a curve determl~tetl 117 
the presence of the cube root of h in its divisor. It will 
be seen that wlth a penetration of 1 in. Xr. Crowell's 
formala (a) gives results almost identical with tho e 
of Major Sanders' formula. This diagram exhlbits 
also the fact, air-:ldy noticed, that our formu's, ow- 
ing to its employing the cube root of the full, gives 
escesslve loads for very low falls. 

I t  1s an omfnoos fact that neither l lr .  Hering In bin 
pemphiet. already quoted. nor the suthor. in the l)rta - 
ent paper. brings forwnrd any re\nltu of e~perirncc~ r 
in support or in refutation of any of the fordiulus; 



ominous because it indicates the dearth of such re- 
sults. For years I have been on the lookout for d ~ t a  
of this kind; but the result. as  embodied in the fol- 
lowing table, is discouragtng in the extreme. I cordial'y 
serond the hope of the author, "t1i:lt in the dfscu sion 
which this paper may call out, practical examples mill 

b.,. L4.n , I 
. '  I 
'n  po. .. f a  *-,--+- -- 

be given, taken from the actual behavior of pilcs in 
senice, under loads of various chnrarter." 

TJhen only the actual snfe load is glren, we are let8 
in doubt as to how much the pile would saiely beir. 
Heace, f have restricted my list of results chiefly to 
those *ich give, or from which we may infer. !ha 
ulttmatq or extreme load which causes settlement of the 
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pile. and which our author rather unfortunately cnlls 
"the sustaining power" of the pile. I have omitted 
cases where the piles are known to have failed by 
being pushed over laterally by the pressure of nd- 
joining arches, or through similar causes other than the 
vertical pressure of the load upon their heads. 

Mr. Trautwine then gives many pages of dc- 
tailed records of bearing powers, which appear 
in the  next succeeding article. The remaining 
discussions contributing new facts t o  t he  record 
were ns  follows, omitting parts of the discussions 
not relating to those facts: 

J. Foster Crowell-In reference to Mr. Trautwine's 
Intimation that in most cases there would not be very 
low falls, I will state that the average stroke of n 
Nasmyth steam hammer in ordinary use would be from 

to 335 it.; In ordinary circumstances, the weiglto 
of ram is. say. 5.500 lbs. If we take this weight with 
the full stroke. 40 Ins.. there would be developed n 
blow of 18,315 nominal it.-lbs.; now, if we were to 
take a hammer of 2,000 Ibs. and divide this value by 
the 2.000 lbs., we would flnd that we would requlre 
a fall of 9.16 it. to produce the same blow, neglecting 
refistnnces in each csse. Now, applying the Trant- 
wine formula (later form) in the flrst cnse. yon wlll 
Bnd we obtain 70.368 Ibs. as  maximum load, but in the 
second cnse only 35,838 Ibs., or just about one-halt; 
that shows that this objection to the cube root is not 
a theoretlcnl obfectlon when the steam hnmmer Is used. 
und I think those who have occasion to drive m:znv 
piles will make more use of the stcnm hnmmer lu  rhs 
future than In the past. 

G. Bousmren. M. Am. Sot. C. E.-I thlnk the trouble 
about applying a forluuln to pile-ddving is that, In dof:lg 
so, we gage the resistance of the soil from the penetra- 
tlon of the plle while it !s being driven. It o f t ~ n  
occurs that the resistance of the sol1 is greater when 
tho pile is being driven than i t  is after the plle is 
driven, and vice versa. Here are some examples whlch 
occurred in my practice: 

In drlvlng plles for trestles for railroads thronzh 
UUnols, I bad to adopt the rule to stop the pl1e:drlring 

t 
I 
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a t  the penetration of 1 In.; the hamnler welghed from 
1,800 to 2,200 Its.; the fall was about 25 it. I gcn- 
erally fr~nnd the rnle to work very well. 

When I came to bnlld a rallroad In Louisiana through 
the swamps of Lake Pontchartmln, I found that the 
penetratlon of a &it. plle under the last hlow of n 
2,500-lb. hammer. fnlllng 25 or 30 it.. wns from 9 to 
12 Ins. Pnttlng two of these plles, one on top of the 
other, and havlng a total'penetration of 120 it., )he 
penetratlon under the last blow was stlll 9 Ine. I 
thonght I would see what the penetratlon wou!d be 
If I gave the plle a rest, and I stoppd the drlrii~g 
ahout 25 mlnutes after the plle had gone In nbwt 
40 ft.: the flrat blow of the hammer, when the driving 
was resumed, gave a penetratlon of llh Ins. I con- 
cluded In thfs case not to conslder the penetrntlon under 
the last blow, bnt to use plles from 80 to 70 ft. long. 
About 22 miles of trestle-work were 11nIlt that w:ty, 
and none of the plles ever settled. 

Here b a case whlch 1s the opposite: I bullt n pile 
trestle across who+ was then called the "Slo~~gl~." 
back of Bloody Island, In Enst St. Louls. I t  was bullt 
with three pUe bents, the penetration there was 
from to 3 Ins., less thnn one-third of what it 
was In the case of the Lake Pol~tchartraln treslle. 
and withln two weeks after the brldge was opened, we 
could not get a train over It: It had settled irregul.irly 
from 1 to 2 it. That was In 1867, when locomotivtr 
were much llghter than they are now. 

It 1s often lmposslble to tell, wlthout actual ex- 
perlence, what reliance can be placed on the resistanw 
of the sol1 as evidenced by the penetration of the 
pile. 
0. Wheeler Durham, M. Am. Soc. C. El.-In 1870 I 

was engineer for the Chicago & Northwestern road, lu 
charge of the extenslon of the llne fro111 hladlson to the 
Mlsslsslppl River, a t  La .Crosse. One part of the Uno 
crossed a marsh In which there wns a stream of per- 
haps 30 or 40 it. in wldth, requlrlug a h u b  800 ft. of 
brldglng. The p l l e~  were ordered 45 it. In length. 
When we aame to drlve them, the piles went down to 
within a foot of the surface wlthout a blow of the 
hammer a t  all, they were simply pushed down by the 
hammer restlng upon them. We saw that these 46-fb. 

i 



piles would not answer the purpose, eo we sbpptd 
operations to get a new lot of longer piles. I tor& 
exactly the circumstances which cnused us to try these 
piles a second time in a d w  or two. but we for~nd 
then thnt they did not budge under a fall frolll tDe 
full drop of the hammer; it would not stir them at 
all. So we pnshed the balance of those piles down 
In the marsh for the 800 it. of dlstance, capped them 
and built trestle-work upon them, and I suppose they 
are carrying the Chlcago & Northwestern road to thln 
b y .  

L. M. Haupt, M. Am. Soc. C. E.-I think It might be 
of interest to the members to know how piles werc 
driven in this vicinity even without a hammer. On the 
Elastern Shore i t  Is the practice in bullding small 
wharves for the fruit trade and Ilght-draft steamers, to 
take the trees of the neighboring forests, and. after 
erecting a tempornrg stadng with a projecting conti- 
lever upon whlch two darkles cnn stnnd, a pile is  
placed between them, and is rocked to and f-0, 1$s toe 
resting on the bottom, untll by Its weight and swaylng 
motlon. It beds Itself to the required depth. Any m- 
sation of the movement causes the sand to settle an11 
pack around the pile so quickly that It Is lmpoqnihlc 
for the men to ntnrt It nrnln. In thfn m y  the w& !s 
done very cheaply and e!Edcntly, with an inexpenslvc 
plant. In the cases clted hy Mr. Bouscaren. I thiltk, 
possibly, the firmness of the piles In the Tanlslnna 
swamps Is due to an under stratum of sand whlch set- 
tles around and clamps them In place. In the other 
case mentloned. back of St. Tauis, there must hnre been 
some mud whlch was easily moved by fl current. I 
should be pleased to know more about the sertions 
through which they were driven. 

William P. Cmighill, M. Am. Soc. C. E.-I have jud  
hren Informed of a pecu~llar case of plle-drtring thnt 
occurred In some work In charge of a friend of mlne 
~ h o  was improving the Cnloosahatchee River, In 
FIorlda, where he had to drive piles, and h:~rl no 
pile-drlver: the piles were of a klnd thnt wonid not 
lnst long under the blow of a ram. The sltuatlon waq 
gwullar: he dlsposed of It In the following wny: Pov.tll- 
nately, he had a very fnt msn In his nnrty. no that 
after placing the pile on end, he put thls fnt man on 
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top of the plle: thls gave the first motion to the pile. 
In order to keep up the interest in the subject, he gob 
two or three men to shake the pile vigoronsly nntl try 
to shake the man off. m a t  was the amuqlng part of the 
operation; they shook the pile and the fa t  mnn clung 
on. Irortu?nntely, there was s water-jet avallnble. 8,  

thnt with all these contrivances the plles were carrled 
dcwn to the rock, but I should like to know In ;he 
next edition of the formula the form it would take to  
corcr thnt case. 

W. M. Black, M. Am. Soc. C. E.-I cnnnot tell you 
very much about the bearing qualltles of piles, hut I 
mould llke to Invlte the attention of the Society to the 
lack of formulas and data regardlug the safe load for 
piles sunk hy tlie water-jet. This method of siuhing 
pfles Ir comfng more and more into use. It has been 
nsed for many years by the Unlted States Gorerument 
Engineers In their work. and is now nsed qulte gener- 
ally in sandy mils all over the country. 

Some years ago iron screw piles were used in the 
Gcvernment Pler. at Lewes. De'aware. In attempttltg 
to screw them down into positlon the friction so 
great that several were broken by torslon. A wntc3r 
jet was then applied to the top surface of the screw 
blades, and the sinking was succzssfully accomplishcd. 

'I'he "live-load method" of pile-driving in the Cnl- 
oosnhatchee River. as  described by Colonel Cralgl1111, 
proved very effective. From 150 to 170 plles were 
sunk dally to n depth varying from 4 to 6 it. in the 
sand, by the aid of a water-jet. These could not bare 
been drlven by the ordlnnry method, even had the 
necessary plant been avallnble. 

In Sonthern waters speclal  rec cautions are neres- 
s:rry with pile work to avoid tlie ravages of the terrdo. 
One plan Is to use wood which they attack hut little. 
Tn Florida, the palmetto Is extensively used for thls 
reason. As Is well known, this wood has a hnrd 
shell and soft Interior, llke a cornstalk, it will not 
bear a heavy blow from a hammer. In one case 
pnlmetto plles had to be sunk to s depth of from 13 
to 15 it. through hnrd sand. This was done su2ress- 
fully by the water-jet. nlded by light tnps from n 
hammer. A dfght protection was dven to the roint 
of the piles by sheet iron. The pile to be euuk wag 
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ralsed to posltlori, and the hammer placed on It. The 
water-jet was then applied. When the descent of the 
plie k a m e  too slow, a llght blow was given by n 
hammer fall of 3 to 6 lns. The pile was given a 
allglit motlou of vlbmtion, and the pile and the water- 
plpes wexe kept moving constaxltly to prevent the sand 
from dosing in and holding them. This seems to uie 
an important point In plle-driving whlch has not been 
much tonched on ln this discussion-the necessity for 
k~eplng the pile movlng. 

In using the water-jet, we found it necessary to have 
the quantlty of water ample. In fact, we found the 
essentlal to be quantity rather than velocity. The 
veloclty had to be sufecfent to cause the water t )  
penetrate the sand below the foot of the p'le, uiid 
make it "ltve" or "qulck." mid the quaiitlty so great 
that the water had to escape by rlsfng along the rk n 
of the pile, preventing surface frlctlon. 

In the surveys of the harbors of St. Auystfne and 
Key West, borings had to be made through the snnd. 
to depths varying from 12 to 30 it. Thls was done by 
means of the water-jet, and the method ndoptcd I1- 
lustmtes Its actlon. In compact sand a 2-in. plpe war 
coupled to the discharge pipe of a hand-pump, and 
forced down to a depth of from 5 to 10 it. Wheii it 
was stopped by the sand closing In on it, a I-In. p'pe 
was coupled in Its place, lowcred through the larger 
plpe and forced down to the requfred depth. The water 
rose along the surface of the small plpe, nnd through 
the annular spnce between the two plpes, brlngi~ig ml:h 
it samples of the strata of sand penetrated. Tl:in 
strata of shell gravel were also bored through by this 
apparatus. 

Charles Warren Hunt, 11. Am. Soc. C. E.-At the pler 
a t  Lewa, Delaware, of whlch Captain Black has 
spoken, the pllea were of solld wrouglit iron, fro111 '22 
to 45 it. in length. and from 5% to 8 ins. in diameter. 
with cast iron screws 2% it. in dlnmcter. When the 
work was In an experlmental stage. the attempt ana 
ninde to screw down the piles Into compact snnd with 
the ald of a jet of water forced between the llanges of 
the screws to the under side of the flannes. Tlils 
wns not successful. several of the p ' l ~ s  being hrokpn 
by torslon. An inspection of the screws devgoped the 
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fact that  the greatest friction was on the upper sur- 
face of the flnnges, nnd it was fonnd that, when the 
jet was npplied to the latter, no niore difE.ul y wns 
experienced, and nll the piles in the pier were pluced 
in thnt wny. 

The gain by the use of the water-jet on these screw- 
piles was measured mechanically, nnd was stated in Ihe 
report of t l ~ e  Chief of Engineers,* a s  follows: "That 
0-10 of the totnl pressure on the rope which co:lne te 
the power with the resistance a t  once disnppws,  I:& 
effwt, on the application of the water-jet." 

(A number of discussions relnting t o  pile-driving 
by wnter  jets  only are here  omitted.-Ed.) 
F. P. Darts, If. Am. Soc. C. E.-I hod ocraslo:i t> 

drive some piles through very hard, comparat s in& 
\vhcre it would take 200 blows of the h:~mm.,r, f ll'np 
from 20 to 30 it., to drive the piles 20 ft. I ha\-e sern 
the piles ntick, the water still being applied. By giv-  
ing a light blow with the hs~nmer  the pt!e would take 
a sudden start nnd go from 4 to 5 ft., showing th:it 
the sand 11nd been scoured out. I nm sntirflrtl t:ie 
water-jet will scour the sand to qnite a depth below 
the bo t to~i~s  of the piles. 

G. B. Nicholson, A I .  Am. SOC. C. E.-In the year 
1853 I set up n turntable on a pile fonndatlon in the 
lower part of the City of New Orleans, 2,300 ft. from 
the bank cf t l i ~  Mississippi River, for the Kew Or- 
enns & KOI th Fnstern Railroad. As is genern1l.v known. 
the soil of thnt region is n compressible. met alluvinm, 
making the use of piles for the support of the pedestal 
of n turntable the best form of foundation. 

Tlie turntable I allude to was of the ordini~ry 
wrought iron type, nnd 54 it. long. The pedestal u7as 
snpported on o fo~~ndntion of s i r  yellow pine pi1c.s. 
freed from bark. I0 ins. in diameter nt the small end 
nnd 14 ins. nt the large end. The piles were rapp.d 
wl*h n grillnge of two tiers of 12 r 14-in. creosoted 
yellrpw pine. and secured to the piles and to each other 
hy 1-11:. drift-bolts. The pedestal of the turntnble was 
holted on the top tier of timber. Exprrienve In dr:v- 
ing a Inrge number of piles in the vicinity a short 
time previou~ly had glven me a great confidence in 

Report of Chief of Bnglneers, 1873, p. 880. 





93 

practice of never detaching the ram from the linb. 
Two or three turns of the line are made on the 
drum of the winch, and when the desired helght 1s 
reached the line L Jacked on the drum and the ram 
falls, .carrying the line with it. 

The braking power of the pulley a t  top of p ' le  
driver frame and on the drum of the winch, and t h e  
consequent loss of momentum of the ram is Illnstnrted 
by the following experiments. 

First.-A pile penetrating 0.5 it., with a 40-a. fall 
of a 2,470-1b. ram, with the line attached to ram 11nd 
slacked on the drum, penetrated 0.7 it. with a 40-ft. 
fall when the ram was allowed a free fall by putti~lg 
the lfne a t  the top of the leads. 

Second.-A pile penetratlng 0.7 it., with 45-it. fa-l 
of 2,750-lb. ram, with line attached to ram nnd slacked 
on the drum, penetrated 0.9 it. when the ram was 
allowed a free fall by cutting the line. 

Third.-A pile penetrating 0.32 it., with 4Gft. f i ~ l l  of 
2,5133-lb. ram, with line attached to ram and sl.cked 
on drum, penetrated 0.40 ft. when ram was allowed 
a free fall by cutting the line. 



THE ACTUAL RESISTANCE O F  BEARING] 
PILES. 

(From Engineering Sewa of Feb. 23, 1833.) 

The following gives a summary of 17 different 
records of the actual bearing power of piles, as  
collected by Mr. John C. Trautmine, Jr., for his 
discussion of Mr. roster  Crowell's paper on "Uni- 
form Practice in Pile Driving" (Eng. News, Oct. 
ST, 1593, Trans, Am. Soc. C. E., August, 1.992). I t  
is donbtless one of the most complete records of 
such data in existence, albeit in many cases, not 
to say most cases, the data are open to more or 
less suspicion a s  to their accuracy. 

We give the statement of conditions in each case 
in Mr. Trautwine's own words, omitting his refer- 
ence to authorities, which can be found if desired 
in the original paper. Below each of these state- 
ments we give the safe load indicated by the so- 
called "Engineering News" formula, viz.: 

2 wh Safe load = - - 
a t 1  

in which n = weight of hammer by any unit (the 
load given being in the same unit) and h = its fall 
in feet; s = set under last blow in inches. 

Mr. Trautwine himself gave a tabular com- 
parison of the ultimate loads given by three differ- 
ent form~tlas when applied to these records, viz.: 
1. The Engineering News formula. 2. The same 
in the modified and more comnlex form Dr0~0Sed by 
Mr. Il'oster Cromell. 3. ~ r a u t w i n e  formula. 
\Ve do not summnrize this comnarison. first. be- 
cause it clearly s l~ons  that the Engineering Sews 
forrnula gives the closest approximation of the 
three, nnd secondly. because the Engineering Sews 
for~xiuln for ultiulate load (=s ix  times the safe 
11)nll) is ilot inten11cJ to be used for deter~nininp ul- 
tinlate loads, a n ~ l  not alleged to give them with 

(W 



any accuracy, for the reason that t e ultimate 
load is a much more variable quantit \ than the 
permanent safe load. A t  least we so understand 
it; and certainly the safe load is the only thing we 
are  aiming to determine or care to know. If, there- 
fore, formulas are to be compared, the only proper 
way is to include the effect of their proposed f a c  
tors of safety, which, for the Trautwine formula, 
are 1-12 to 1-2. 

T o  show the effect of doing so we may instance 
seven cases of known loads and facts a s  to driv- 
ing which are given in Tmutwine's "Pocket-Buuk," 
nnd are  an  addition to the following list. It should 
be borne in mind that in some, if not all of the 
followi!lg instances of piles under foundations, the 
surrounding soil bears an  unknown proportion of 
the load, so that  the load actually coming on the 
piles may be several times less than stated. 

1c.stances of Bearing Power of Piles given in Trautwine's 
Pocket Book. 

Locality and Hammer. fall Actual Rn~f?,--,"t~~ne.j 
soil. and set- load. News. formula. 

- - ~. 

Cheslnut st. Br. 1,200 Ibp.. 40 It. 
Mud. % ln. 40.303 29.100 8,000 to 48,000 

Neuilly Bridge. 2 000 lbs , 5 It. 
Gravel. 0 016 in. 105,300 19,700 14,503 to 87,000 

Hull docks.. . . . 1,500 lba., 21 ft. 45.000 
Mud. 2 in. to 33.000 2L.000 6.180 to 37.100 . . 

H o y a 1 Border 
Bridge.. . . . . .. 1,700 lbs,. 16 ft. 

Sand and gr. 0.05 m. 156.800 53.700 17,580 to 105,500 
Philn. expts .... 1,600 lba., 36 ft  11,560 

Soft mud. 18 In. to 20.120 6.060 1,194 to ?.If5 
U. S test pile.. 810 lhs., 5 ft. 

Silt nnd cla.~. 0.375 in. 59,600 6,600 4,858 to 29,150 
French rule . . 1,314 Ibs., 4 ft. 

No set. 56.000 10.742 6,575 to 39,4.% 

I t  will be seen that  the last  column gives ex- 
tremely vague indications a s  to the real bea~ ing  
power. Of what use mo~rld be n formula which 
eirnply told a man that the proper cost of a s t m p  
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ture wag from $8,000 to $48,000, while the at- 
most i t  could cost without breaking the company 
ought to be about $%,000, but might be a good deal 
more or less? Tha t  is what the last column of 
the above table says in effect, with the further evil 
feature that it encourages a man to believe that he 
may spend up to $48,000 and still have a "factor 
of safety of two," when the fact is he cannot do 
anything of the kind. 

;lo formula can attempt to state exactly how 
much should be spent in such a case, or how much 
load can safely be placed on the pile. What  the 
Engineering Xews formula does purport to do is to 
set a definite limit, high enough for all ordinary 
economic requirements, up to which there ar?  n3 rx-  
ords of pile failures, excepting one or two dubious 
cases, where a hidden stratum of bad material lay 
heneath the pile, and above which there are  ic- 
stances of both exoess and failure, with an  ia- 
creasing proportion of failures a s  the limit is es- 
ceeded. 

If  i t  does this, a s  i t  is believed to do, i t  is in all 
ca-es a safe guide, bnrr'ug the risk of semi-flu'd ma- 
terial existing beneath the foot of the pile; and in 
most cases a su5cient guide a s  well. Bu t  when 
a large number of piles are to be driven or extra 
lieary loads are  to be sustained, ordinary pru- 
dence would dictate the ascertaining by esperi- 
rnent just what the piles will bear, or, if failure 
would do no great harm, taking chances with 
greater loads without experiment, under favorable 
conditions. The for~llula is not intended to be 
rigidly applied to such cases a s  this. 

The valuable records below given, in comparison 
with the safe load by the Engineering Sews  for- 
mula for safe load, may be abstracted a s  follows; 
and they seem to be fairly good proof that the 
Eugiueering News formula is, in fact, trustworthy 
to the extent above claimed for it, 



Summary of Instancoq of Rearing Power of E 
more Detail below. 

Actual Safe load 
Case ut t iniut~ by Factor of 
No. load. formula. safety. 
1 13,333 1,681 7.9 
2 14,560 6,067 2.4 
3 2.2.400 23,450 -1 .O 
4 4r.800 28,333 1.6 
5 { to : ~ ~ ~ ~ }  11.100 {to::;) 
6 59.618 6.741 8.8 
7 75.000 44,OFO 1.7 
8 z.0 
9 1.7 

';lab given in 

Material. 
M:d. 

Alluv. 
Mixed. 
Sand. &.;;..;: 
Mud. 

Sandy. 
Mzd. 

Tdsts of Piles in which the Resistance tr, Ext,raction is  
Lhe Only Evidence as to Ultimate Bearing Power. 

13 ( to 4 t o g  . . . . Sandy. .... Clay. 
I I  15 850 25,067 .... Unknown 

1 2;'ooo 5,000 
I to 5d.rn*n . i , o ~  ... . Rotten rock. 

.... .... 
17 .... ClaY. 

Cuso 1.-Pile trestle a t  Aquia Creek, Va., 1871. Creek 
I~ottotrr. :tlmost nuid tirlrd orer  80 it.  deep. Tlde water 
1; ft. d~bep. Trestle berttm of sls piles each. 12% it. be- 
rc.etstl cerrters and nbout 1.i it .  high. Piles 1.5 to 18 ins. 
1i111lne:t~r a t  hitlt, 50 to 56 it.  long, cut off just nbove 
low water-murk. 

(The records show a 2,000-lb. hammer, fall- 
In= 4 i t .  with 8.5 ins. set or 9.7 ft. with 
0: ius. set. Safe load by formula, 1,684 and 1,&P 
Ibs. (but in renllty the snfe load in this case would 
linro bcen computed under the data of Cnses 10 aud 
11 bclom. which see). (Actual load 13,333 lbs. Con- 
tinued actual snfe load, 6.400 lbs.). 

Cnse 2.-I'hilatlel 111.1 1873 (Soft river mud. TrlaI 
pile loaded with ?4,5'& lbs: 5ve hours after driv- 
illy. rrrttl s:rnk 1,rtt n rery small fraction of all inclt. 
I-rider 20.160 lbs. i t  sank % in.; uuder 33.600 Ibs.. 
n fr. 

(The records show 1,600 lb. hammer fulling 36 it .  
with 18 in3 penetration. Snfe load by forulula 6,@7 
lU4. 



Oase 3.-Mississlppl Rlver at East  St. Louis 18(15-80: 
roft muddy bottom, with 5 or 6 ft. of water.' Pi1t.x in 
temporary railway trestle of three-plle bent, 15 it. fr0111 
laenter to center. driven nbont 20 it. Penetration 2% 
to 3 Ins. The piles settled bndly in a very short t i r ~ ~ e  
under Iocomotives welphing not over 30 tons. so t l~n t  the 
loud on a pile could hardly have exceeded 2'2.400 Ibs. 

(Safe load by formula taking 27% ft. mean fall, 2% ins. 
mean penetration, 1,600 Ib. hammer; 23.430 Ibs. JIauy 
of the datn of this cnse nre qulte dublous, especinllj 
the weIght glvcn for locomotives. There were very fen.  
i t  nuy, h Missouri in lSGg9 so light a s  30 tons. I t  is 
mare likely the load in each pile was double that 
sr ted.)  

Cnse 4 -Perth Amboy 1873' "pretty fnlr mud " 30 it. 
deep. *.bur plles. 12, 14, 15 i n d  18 in. dinmete; a t  top. 
O to 8 ins. nt foot, were driven in n square to depths of 
f l a n ~  3.3 to 35 ft. Dlstnnce ngilrt not given. A ~latform 
wns built upon the hends of the piles and landed with 
179.200 lbs.. sag. 44.800 lhs. er pile. After a few 
dnrs the load was removed Ale 18-111. pile lind not 
nrcirm: the I s in .  pile hnd iettled 3 ins nnd the 14 
and 15 In. piles had settled to n less extent': 

(Hnmmer 1.700 lbs. falllng 23 it. with 2 in. penetm- 
tion: whether the same for all the plles or not is  not 
stated, indicating that the record is somewhat lacking 
in precision. Snfe load by formuln, 28.333 lbs.) 

Cnse 5.-Fort Delnwnre, 1850. The nrcount is highly 
rinintc~lltpihle. U~~terinl .  an alluvial dt. oqit The piles 
were of Chesnpt~nke vellow pine wrlg!hg 'flall~ 32 to 
5!) Ibs e r  cu. ft. ~ 6 e ~  mensured 12 ins. square. 1111t1 
wr,rta n e w t  SO i t .  lutlg. 5 fr lonq. Fot~r 
trittl piles were driven n b ~ ~ ~ h 2 ~ ~ r ? d i ~ ; i t i ~ r : e  s>:lri x.ot 
ntnted) and rnp ed with a platfor~n up011 wl1ic.11 the 
lond.; were plncel. The weight of ram is vnrlou.rly given 
: ~ t  fr0111 1.883 to 2.000 Ibs. I t  uppears to have been 
about 1.900 lbs. 

(Snfe loads by formula, calling fa11 6 i t .  nnd 1 In. - 11.400 lbs., whlch checks quite accurntely, ns the 
piles settled 3-16 in. under 15,173 lbs. By grndutll In- 
crements of loads extending up to 47,375 Ibs., however, 
they only settled 1 in. in all, a t  the end of n pcrlod of 
10 gears. AP the end of 5 years, with nearly 40,000 
lbs. load. they lind scttltbd just S(L in.). 

Case 6.-Proctorsville. t n .  lI:ltt.rinl. mud, sand nnrl 
clny: wet. Trial ~ ~ i i e  (driven n l u ~ ~ e )  snid to h;tvt. brt.11 
:10 ft. long. yet It in satid to h:l!-t% snt~li 5 ft. 4 in.;. 11.v 
its own melgl~t, 81ntl to 11nve 1tet.11 dril-en 2) it. 6: ins. 
dreprr. nlnkiny 34 It. 10 111s. ~Irir+.n Ier1~111. ('ro.~. 
nection. 12% x 12 ins. ut top. 11th x 11 ins. ~ ~ I I I I . ~ ~ * I I I ~ I ~  tn 
4 ins. squnrc a t  fovt. Wclght, 1,011 Ibs. Ifcud c:ll)y~~J. 
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PUe bore 59.618 lbs. without settlement, but settled 
slowly under 82.500 Ibs. Full, during last ten blows, 
regulated to 5 it .  exactly. I'enetrntlon, last ten blowa, 
ranged from % to Ih in.; Itlean 0.35 in.; Inst blow; 
qg in. 

(Hammer Dl0 Ibs. safe load, by formula, 6 , W  lbs., 
belng very h r  mlow what the pile actually sustained. 
This Is another case of those piles in soft materinl whose 
resistance is  not fairly mcnsured by the blows given 
when flrst drlving, but cnn only be fairly gaged by 
trylng blowa after the mud has had Unle to set.) 

Case 7.-UuRnlo. Jlnterinl, wet sand and gravel. 
Piles driven in nests of from 9 to 18 Iles. Test pile Of 
beech., 20 it. IOU after being drrven and cut off. 
Driven length 20 ft 3 it: in stiff clay. cross-section. 
15 111s. dlametkr a t  tzp. A lond o t  50.d lbs. remained 
un the pile for 27 hours, but produced no appreciable 
rffc.ct. l'he loitd was Increased 20.000 Ibs. a t  a time, 
1tt1d left for 24 hours niter each Increase. A gradmti 
eettlentent aggregating qg In. took place under 55,000 
111s.. rtnd the pile then cnme to rest. The totul scttle- 
nlcwt increased to 1% ins. under 100.000 Ibs.. and to 
:1 1-16 Ins. under 150,000 Ibs. Durin the experimeuts 
the gronnd was kept in a tremor %y the action of 
t11n.r pile-drlvers a t  work on the fonndations. Subee- 
tluetit use shows that 74,000 Ibs. is a safe loud. 

(nnmmcr, 1.W Ibs.; fall 29 it.; set. 1.5 ins. Safe 
lond by form?lln, 41,050 lba. As n "gradual settlement 
nggrcgnting % in., took plnce under 75,000 Ibs.," thls 44,- 
080 !bs. is ns large a "safe load" a s  the circumstances 
narntnted, uuless mule settlement was not objected to.) 

Cllsc 8.-Brcoklyu, N. Y., 1847-48. Dry Dock nt Nnrv 
I'1u.d. Xlatertt~l wet loamy xnicaceous ~mrtz  rnu& 
becomiug tlaic<sat~d 'wherevkr i t  was && trodden. 

"The t~iitill plles were runinly round spruce h;trs. 
very srrnid~t .  front 2.7, to 4.5 ft. long. avertlglng n 
dlrircn length ~f 32 it. "They were uot leds thntl 7 
111s. in dlirmeter nt the smnller end and to 18 In*. 
QIII on nrerngc, 14 Ins.) lu dlnuretei a t  the lnrgcr etttl. 
The trial piles nvcrilgcd 12 ins. In diameter ,i,n the 
1~1ltld1e. The heads of the piles were protected. Tllc 
 ilea "were driven in rows 2% it. apart, and a t  traus- 
rc-rue, dislnnccs of 3 it., nll from center to center." 
Unt Yuterutedinte plles. of very tough serond growth 
onk. were frequently drlven." "The piling n~nchlnes 
were strongly and nccurntely ma!e, with the wave 
honltd nl th smooth plates of irou. They gnve a&t 
one blow per minote. A Xaeruyth hnmmer was usel  
also. aud gave 00 blows per xutnute. I have nssurud 
thnt some of the piles tested wers drlven by it, althougll 
this 1s not stated In the reports. The author nypllea 
the teat to a pen~trat ion of 0 hut "the nvernq? dls- 
tnnee dr1yc.n 11v the last flve'blows was 1 in. We 
therefore take the experiments ss embracing s - 0, and 
I - 0.2. 



Aa the result of the tests It was belleved that for a 
plle driven 33 it. Into the earth to the point of ultl- 
mate reslstnnce with a ram weighing 2.240 lbs. nut1 
falling 30 it. nt the last blow. the extreme supporting 
power due to the frlctioual surface won 24.000 Ibs., or 
1 ton per superflcld foot of tbe area of its circum- 
ference. 

This case Illustrotes the crltlcism B r e a ~  made of 
Alr. Crowell's formula that, like Mnjor Sanders', it 
gives excessive londs where the penetration Is very 
s~~lnll .  For the ordinnry machine. our forlurlla here 
glves better results thnn AIr. Wellington's. but for ths 
N~~smyth machlne which I have ~SSurUed to have been 
used on the piles'tested. hls results are almost exact, 
while ours are double the actual load. 

(Safe load by formula, for 0.0 to 0.2 penetration, 
134.000 to 112,000 Ibs.. or about half the estimated ex- 
treme supporting power. As there could hardly be a 
"better result" than this, the stnternent that the Traut- 
nine formula gires "better results," is very incorrect 
In fact, nnd la based only on a comparlsou of ultimate 
londs, which for 0.2 penetration Trautwlne has as 
20.000, lustcud of 6 x 112,000 = Gi2.000 ultimate by the 
Engineering News formula.) 

Case 9.-Dordrecht. Holland. 1872. Brldge over the 
Aluns; temporury piles under staging. The author in- 
for~us us that "the staafng sank fulW U in.. and duriug 
their erection the eirders-had constnntir td be wedeed 
u~t": but ieaves it To the fneenultv of the reader toile- 

a steam ~ile-driver dellrerlne 60 blows ner minute 
wit11 a raxb of 2.2% lbs.. falliiie 30 inn.. or-bv *'un or- 
r1in;try hand engine"; ram, D'J~ lbs.~frill; 6 ?t. 7 ins. 
Both cases are even In the table. However thta mny 
he, we are told thnt "some of them went in mrich too 
ensllv being drlren % In. nnd 11h in. with the last 
blow's:" But "it was arraneed. where the nenetcttlon 
was more thnn % in. on tKe avera e of the lnst 100 
hlows, to put in" addltlonnl piles. f therefore tnke % 
in as  the robnble enetmtlon. The load seems to 
have been agout 13.4& lbs. per pile. 

(Snfe load for 2,205-1b. hammer, 8,020 Ibs.: wIth 992- 
lb. hammer. 9,520 Ibs. As the piles sank continuously 
but not hopelessly under 13,440 lbs., these loads check 
as well as could be deslred.) 

Case 10.-Aquia Creek. See Case 1. A plle 40 ft 
long. after sinking Rome 30 it. with Its own welghb 
nnd thnt of a 2 000-lb hnmmer. was given a blow of 
2-ft. fall. after 'which'it sank 6% ins. further In one 
minute under Its own weight and that of the hammer. 



nnd then stopped. Four weeks later a 6-ft. blow 
failed to move It, and a blow of 14 it. drove It only 
454 lua. This case and the followln one illustrate 
strikingly the fleet of tlme In increasn the stability 
of 11 driven %e. In both cases the glow recorded 
was delivered !onr weeks after the settlement nnder the 
load. A load applied after the blow, as  usual. would 
r~ntlonl)tedly have made a better showing for the 
formulas. 

(Sl~fe load by formula nfter 5 it. blow wlth no pen* 
tratlou, 20,000 lbs.: nfter 14-it. blow with 4%-in. 
penetration, 10,183 lbs.: actnnl load cnrded without 
failure, 6,000 to 13.000 Ibs.) 

Cnse 11.-See Case 1. A ptle 43 it. long received two 
blows of 2 it. each, nnd then settled under 2.000-lb. 
ll;c~~irner 1 ins. in two mlnutes. Four weeks later it 
peltermted& ins. under u 10-it. fall, and 8% ins. under 
a 28-ft. fall. 

(Safe load by formula, 10.W and 11.790 lbs., re- ' 
npectlvely; closely eorrespondlng wlth .actual loads 
safely sustnlned.) 

Cnse 12.-Lake Ponchnrtrnln Trestle La. About 0 
miles of trestle crossed the Ittke lrophr und the re- 
111r111lder (16 n~lles) crossed the aJjointn; sea-swamp. 
Four-pile bents, 15 it. between ceutera. Muterlul of 
nwvenlp, several feet of soft. black vegetable moltl. 
lylng upon  oft clay wlth occastonal strata 
1 to 2 it. thick, of sand. ' Piles sank from 5 to 8 it. of 
their own weight. nnd then about us milch more wlth 
hammer nbout 2 T i  lbs.) restlug on head of lie. Two 
piles 85 it. loug b r r e  driven, olie on top of ?hc other, 
n~id penetrated 9 ins. with over 100 it. drlven: but a 
Wit.  fall. 3Q minutes after drtrln n ptle, re  only 
3 Ins. penetrntion. riles 6.. to 53 ft. Ion gelgllt of 
rnm nbout 2.500 Ibs. Fall. nhout 30 it. #knetratlon, 3 
to 12 Ins. I h v e  tnken n =3. 6. 9 and 12. "No settle- 
ment has been observed In the entire length of the 
structure to date." As thcre were four ptles In a bent 
and the hents were 1.5 it. npart. the lond on ench pl16 
prohnhly has not exceeded 22.400 Ihs. Althongh the ex- 
treme lond Is not given, we inrlude thls cnse na ferm- 
Ing nn Interesting contrast wlth Case 3, nlso gtven b r  
Mr. Bouscaren. 

(Safe loads for 3. 6. 9 and l2 ins. penetratlon, 37.500. 
21,430, 13.000, 11,538 lbrr. As the only proper fall to be 
considered in a case like thls is the 3-in. penetratioli. 
which occurred after 30 minutes' intermission, the 
check here is excellent.) 

---- -.-r..-.--.-.-. - 
~<<8'-to-'-de Ice-drawn," by J. d James. Material of 
varlous kinds chiefly compact sand compact 
gravelly clay,'with surface MU, eom&?t'a,et, some- 



-: flat. 3 U x  1 in. Thev had hints of 

The "ptles" were small atlcke of oak, a s  
uare. 1 to 2 Ins. side: c~linddcal .  1 to 2 

Ins. dlameter 
diWrept shapee. A large number of- expeririieuts a re  
recorded, of whlch the means given in the table a r e  
falrly representative. 

Mr. Crowell's formula 1s hardly a plicable to a case 
like thle, for we  have no way of flngna hls n, whlch Is 
36 4";;;. where s1 is the $netration-as it .weuld be 
under a blow of a 2,000-lb. ram falling 20 it. or  other 

ulvalent (?) blow of 40000 foot-pounds. Since noue 2 the louds reach 2 000 lbs It is plain that the mere 
welght of a 2,000-16. rnm Gould have driven the pile 
Intleflnitely, nnd we crtn hardly donbt that any blow of 
40.000 foot-pound* would hnve done the same anti 
would ulao have abruptly terminated the erI~erin~cnt .  - 

(These curious records a re  of value only a s  checking 
the generality of a pile-drlving formula, but lu that w;lg 
check extremely well, a s  follows: 
Wt ram. lba ........ 21.8 21.9 23.8 32.2 23.1 39 0 
Ht. fall.& ........... 4.6 7.6 7 2 7.8 7.3 8.8 
Set,., ~ c S .  ............. .% .89 .38 .45 67 .76 
Safe Id. by formula. 10$ 200 251 231 203 301 
Observedresiatanae. 190 572 1,388 8 712 IIS~ 
Rat io , l to  ............ 1.5 3 9  5.1 3.5 3.6 3.2 
When It Is remembered that  the "observed realstance" 
Is merely that to pulling, the formula for sate loud 
could %tardy check better with the actual obeervntione.)~ 

Citse 14.-Ice-druwn plle. Observations made January, 
February Murch 1573. From the paper quotMi In caHe 
13. hlat&lul not' stilted. Pile about 12 Ins. diameter. 
uuder u bridge coustructed during th? previous year 
across a river coutlucd by a mill-&am. l!he fall was Up- 
y~~oximately 20 ft. "The driver ('310-lb. hummer) was 
worked on the Ice. ~rnd equal i e ~ ~ g t h s  of the ylles did uot 

roject abpve its sttrfnce when t h e  Inst blow was de- 
EvVred." The peurtnttlon is s a d  to have been in. 
The load was estimitted by the uplifting force or tee .  
"The plles held their groutld, ~ t n d  the Ice broke away, 
until It had attalned a thicktr$l?s,qf 15 to 16 ins.. when 
the piles began to come up. l h e  ltftlng force wus 
estlmated, from esperltuents by the author u u smnll. 
s~nootll sticks. at  18.W lbs. per pile. geductirlp 
weight of superstructure, about 3.000 Cbs.. leaves 15.850 
Ibs. a s  the esthnated force r uired to draw the plle. 

In vfew of the smallness 2 the actual lond In thls 
case, i t  may reasonably be nsked whether much of the 
enerpv of the blows was not consumed in orercomlrlg 
the filctlon of the Iles agalnst the ice through whlcl~ 
they were drlveu. fi wIll 111so be notlced that the forc~! 
was an up-liftln~ one. nnd rhnt Its amount wna ratl* 
mttted hv means of the adhealon of Ire. ns drrlvel from 
e.xperlments with small. nmnnth sticks. The melgllt of 
ram, height of fall and penetration, were all Liken by 



the author of the ps r at hearsay from a man who 
had worked on the b s g e .  The caa; is, in fact, one of 
exceptional doubtfulness in all res~eets. 

(Safe Joad by formula, 25,067 -1be.; agree- cum- 
clently well with probabllitles.) 

Cnse 15.-Proposed Cambrla Resemotr, Phlladelphtk 
1883. Notes by the wrlter. Material wet decolllj10a4 
mica schist. A wrought iron pi e 34 lna. butaide ~ ~ ~ I I U I -  
eter 3 Ins. Inside was lnsertet<n a b~re~ho le  6 lua. in 
dIaAeter and 3O'ft. .deep and driven 14 i t .  to rock. 
The lower end of the waa dreased to uu a~llui8lr 
cutting edge. Load-After severai hours' work with 
block-und-fail, the pipe was pnlled in two by uslug two 
hydrnulic jacks of uueqaal power one on each side by 
nlenns of whlch the pipe had b;en ntised 8 ins. ' ~ ' i~e  
fructure took place in the thread. where the wllll thick- 
ness was reduced from % to % In.. learin a crosa- 
sectlonnl wall area of 5% x 3.1416 x % = 1.k sq. ins. 
Since the pipe had rlsen slightl under the pull which 
soon after caused its rupture tge latter wns evideutlv 
about equal to the resistunce 61 the pipe to beiuy a i td -  
drawn. We can estimate a t  the amount of thls pull I)y 
estimating the tensile streugth of the iron a t  the yolut 
of rupture. The conditions of the. experiment were 
very crude, but considering that the lpe was no doubt 
weakened by cantln from side to syde under the un- 
equal forces extbrtdh the two jacks RS well as I,\. 
repeated blows in drlvgg. and repeatd tensile strdds 
tn drawing, and by the removal of the outer "shell" 
of the lron ln cutting the thread the tensile atren h 
could hardly have exceeded 40,600 Ibs. per sq. e... 
nnd. on the other hand. it was perhaps not less than 
20.000, giving %.000 to 50,000 Ibs. as the extreme load. 

(Hammer of 350 lbs. fnllfng 8 it., set in., snatained 
25,000 to 50,000 Iba Safe load by formula, 6,000 Ibe. 
scant.) 

Cnse 16.-Pensncola Fla laterlal ,  clean, hard, sharp 
whlta quartz sand kll  the mud would ass through 
sieve having openings 1-12 in. aquare. %ater filtered 
throu h it eaule out perfectly clear. One cu. it. of lt 
wo~~lcfhold 6 qts. of water. The 2-ton hammers could 
only drive about 20 it. The water was about 111h it. 
deep. Seven plles selected as representfng the average 
of ull were tested with upward pulls of 20 000 lbs. each 
wlthdut moving nnd one of these was aft6rward tested 
wtth upward &lln snt8clent to cause motion (as re- 
rortled below) and flnnliy withdra-. Thfs pile was 
2!l ft. long 16 it. in sand lncludtug its point 2 it. long. 
Olle foot 6f thls length bun In loose sand,'whtch hnd 
heen excavated nnd had fallen bock The aver6 e diam- 
eter of the firt 111 the sand was 13% ins., inclusing the 
bnrk. welgit  of pile, 1.832 lbs. IYle tested two uiontha 
after it was driven. h'either weight nor full of hum- 
uler nor set given. 

Tile following guesses at  their vnlues nre the n.stllt 
p i  laborfoae study of tbeIr R m a r b  reepectlng the fouq- 



dation ilea as  a whole, and are to be taken as of very 
doub td  correctness: 

(Safe load. 

The tests on the trlal pile resulted as follows: 
78.000 It:. . .No movement, 
8U,W . . .Resisted 

slowly. 3odn-.* 
and then rose very 

se 244 Ins. In 30 mIn. 
82,000 " ... 1% mln., 
83.000 
tu.ooo :: :::a mln. Rose 2% Ins. in all. in 30 min. 

honre. No movement 

!?4,W ,c,m :: :)ROBE 3 1 ~ 9 .  in one hour. 8ins. in all. 
50,000 " . . .For two days. No movement. 

The very small Loads obtained by the test In this .case 
seem to conflrm the vlew already expressed that! the 
resistance of a pile to an upward ull must be less than 
that to a downward pressure. Thfs Is especially notice- 
able In comparison with the Brooklyn teste, Case 8. 
where the conditions were nearly aimllar. but where 
the plle (tested by ressure) bore much greater loads. 
The sand a t  ~ e n s a c o k  was remarknbly pure rind hence 
could probahly exert little realstmnce to hein; broken up. 
whlle offerlng great resistance In the opposite dtrectiuu. 
as is shown by Mr. Towle's statement that a t  a depth 
of 15 it. a %ton ram (falling 33 it.) rebounded nearly 
a fmt. - ----- 

(The safe loads by formula, as interpolated above, 
cheek very accurately with the probabiltles Indicated 
by the test.) 

Case 17 -Albert Dock Hull Englad. Removal In 
Ja~tunry ahd February l h  of'coffer-dam bullt in 1874. 
Material compaet bluish ciiy above which there were 
from 3 & 5 it. of peat, and above this silt and sand Iu 
laces. Plles of ordinary rough Memel bark timher 

from 10 x 12 to 14 x 15 Ins. Average. 12% ius. square: 
From 20 to 40 it. long. Driven length. from 6 to 30 it.; 
average 18 it. Most of the piles were driven ~ I W I I  
10 to 26 ft.Yuto the clay and were nearly or qulte 111 
that material alone; but a few of the shorter pllrs. 
driven in n slopin side of the dock were entire1 111 
the silt, while a &w others entered' the eat witgout 
renchlng the clay. The tles mere drtven cyose together 
in two rows 5 f t  apart formln n coffer-dam the spaor 
between the twb row; havlng%een,lIlled with puddled 
clay "to above hi h water mark. Before the piles 
were wlthdrawn t i e  puddle was removed down to a 
level "lather under hlgh water-murk of ord111ary ueap 
tldea." 

The height of fall (2.240-1b. ram) varied from 5 to R 
it., and the penetrrttiou from 0.5 to 0.76 in. I have 
taken the extreme cases; 420 Iles were wlthdrawn and 
300 observntlons recorded. l%e force was applied by 
men working a winch and estimated by teritfug that of 



the men in Wtin known weights. The ilea were 
drawn consecutive&, so that one side of eact  i1e wa8 
nearly or quite free from frictional contact, tEe o p w  
site one w-is in loose contact with the adjoining pile. 
and onlv the remainine two sides resisted b r  friction 
with t h i  ground. 

The average total force required to draw a pile was 
75.869 lbs. The author deducts from this 2.340 lbs. 

L?= 12 x 12 ins. x 15 lbs. per aq. in.) for suotlon. and 
240 lbs. for weight of pile leaving, say, 71 300 lbs. 

n's the frictional resistance td drawing the pil6. 
(Safe load by formula, with #-in. set after 5 it. fall, 

12,800 lbs.; with ?.&-in. set after 6 ft. fall, 17,920 lbs.) 

(From Engineerlng News of March 9. 1803.) 

Sir: Your article on "The Actual Resistance of Bear- 
Ing Plles," in the News of 2.36 inst., conveys so er- 
roneous a conception of our formula that I flnd myself 
reluctuntly compelled to appear again in print upon this 
subject. 

The most serious matter in your presentation of our 
formula in the article referred to is the implication 
that the formula leaves the engineer, in any given case, 
with 110 more deflnlte instructions than that the safe 
load is to be taken a t  from one-half to one-twelfth of 
the extreme load, as  glveu by our formula. 

' Our factor of safety does, indeed, range from one- 
half to one-twelfth, as stated brielly in several places 
in my discussion of Mr. Crowell's paper, but that the 
implication referred to is utterly misleading will appear 
a t  once from the fact that our rule (Pocket Book, page 
644) reads: 

As to the proper load for safety, we thlnk that not 
more than one-half the extreme load given by our rule 
should be taken for plles t h o r o u ~ h l ~  driven in flrm 
solls: nor more than one-sixth wh>n-in river mud or 
marih. If liable to tremors, take only half these 
loads. 

Now, in any given case the engineer knows whether 
the bottom Is of "firm soil" or of river mud or marsh," 
and whether the structure is such that the piles will 
or will not be "llable to tremors." Hence our rule 
gives a set of maximum factors of safety as  follows: 

If not If liable 
liable to tremors. to tremors. 

Firm soils. .. . . . . .. .. . .. . . one-half one-fourth 
River mud or marsh.. . . . . one-sixth one-twelfth 
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from whlch one factor is  to be selected for any given 
case, and In accordance with the peculiarities of that 
case. 

In the face of thls to ptlmate, as  you now do, that 
our rule says simply "for safety take anywhere from 
one-half to one-twelfth of the extreme loud given by 
the formula " is as  grotesque a mfsrepresentntion as It 
would he to take a case where the in11 h Is stated 
as "somewhere betwwn 5 aud 30 it.." and argue that 
your formula was of no use because it gave loads vary- ' 
ing from L to OL; while to make it appeur, nu does 
your table on page 171, that our formula. FOR A 
GIVEN CIIARACTER O F  SOIL, gives results vuryiug 
froni one-half to one-twelfth of the extreme load is as  
unjust as  it would be to take a case with a full of 10 
it., and claim that your formula gives for that caxe 
results vnrying from L to 10L because it Is Intended 
for, heights of fall of, say, from 3 to 30 it. 

I therefore beg to submlt, as below, a version of thls 
table, in which the safe loads given by our formula 
are stated as  the wording of our rule requfres, taking 
occnsion, at the same time, to rectify a scarcely leas 
glaring oversight on your part in classing extreme londs 
and safe loads without distlnctlon nuder the common 
head of "actual londs," a s  well as  to correct a few 
smnil errors in your calculation, nud one or two greater 
ones in your statement of the data. 

Treated justly, as  above, our formula will be seen 
to compure favorably (as far as these few records can 
show) wlth one which is claimed to be "ln all cases 
a unfe gulde." 

Noting your remark that the foregoing seven cases, 
"which are given in Trautwine's 'Pocket Book,' are in 
addition to the following list'' of 17 cases taken from 
my discussion of XIr. Crowell's pnper, I may remnrk, as 
stated on page 147 of the discussion. thnt the latter 
were restricted chiefly to those results "which give, or 
from which we may Infer, the ultimate or extreme 
load." that hence the first four and the last one of the 
seven results which you now quote, dviug, as they 
do. only the safe load, were necessarily omitted from 
the list given in the discnsslou, while the flfth and 
sixth, which give the extreme load, are included In 
that list, formlng case8 2 and 6 (Philadelphia stad 
Pensacolaf, reepectlvely. 
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Chestnut, 
St Brid'e 
~ d i ~ a . .  . . 

N e u t l l  y 
Bridge. .. 

Hull Bocks 

Royal Bor 
d'rEridge 

' Philadel- 
phia, 1873 

l?enaacola 

5:;fm 4 0.013 10,610 11E,200 Given dat.a incum. lent. 

Height 
of fall, 

feet. 
h. 

20 

5 

24 

16 

36 

5 
(U.S. trinl/Silt, a a n  d 

Soil. 

River mud 

Gravel .... 
Mud ....... 
Sand a n d 

gravel ... 
Soft river 

mud ..... 

Weight 
of ram, 
pounds. 

W. 

1,200 

2,000 

1 

1,700 

1 1.600 

Penetra- 
tion, 

inches. 
8. 

0.75 

0.016 

2.00 

0.05 

1 . 0 0  { 
0.376 

d r f n a l  
load, 

pl~unds. 

Loilda by  formulas, pounda 

8 
L1 

r4 

... .. . 

..... . 

. { 

...... 

' 

Fngint er- 
ing News. 
-- 

Sa!e load= 
2 ~ 9  
5.S. 1 

27,430 

19,685 

2 

51.800 

6 ,  

6690 

safe. 

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

40,300 

105,306 

} 
56,000 

156,8001 

} . . . .  

T. autwine. 

a 3faximum 
Extreme =,  factor of 
M w + s  rh uafety. I . Tre- 

- 
~~~i~~~ 
safe load. 

Steady 

15,500 

81.150 

12,000 

110,000 

2,LO 

2 .3W 

mow. 

% 

h 

% 

k 

ateady 
Tre- 

mors. 

c. 
7.750 3 

42,075 

6 . W  

51.000 

1.180 

14,150 

93,100 

168,300 

i2,1110 

204,000 

13,930 

& 

& 

$6 

& 

66.1330 %6 
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There is another potnt In your artlcle to whlch I must 

refer, and that is your summing up of the results of the 
comparison, in my discussion, between the actual r e  
aults collated and the loads obtained from the three 
formulaa I give these results below, and repeat, as 
stated on page 153 of my discussion, that "the flrst 
elght may be considered good cases; the condltlons of 
driving aud loading correspond with what may be 
called ordinary practice, and in nlost of these cases 
are stated with reasonable clearness." The other nine 
cases are much less reliable. (We glve only the Ur8t 
eight to save space and time.-Ed.); 

In this comparison: . 

R = the actual extreme load on one pile. 
R, = the extreme load on one pile by the Engineorlng 

News formula. 
H, = the extreme load on one pile by the Trautwine 

formula; and, inas~nuch a s  the quotients given are the 
ratto of the loads by the formulas to the actual loads. 
the approximation of the formulas as  to these results 
is closest when the quotlent approaches most nearly 
to unlty. 

A-Plles tested by loadlug. 

Ceae No. 

- - 
Mean. ............................. 0.m 0. M 
Mnximum.. ........................ 1.545 2.415 
hilnimum. ......................... 0.138 0.315 

As I have already stated, I do not conslder the evt- 
dence of these cases eutficient either to establish or 
to condemn any formula; but they are all that I 
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conld find, and, tnking them for what they are worth; 
and benriug in mind the greater relhbillty of the first 
eight cases, I had flattered myself (though modesty, of 
course, constrained me to leave it for you and for 
others to note nnd proclaim the f:tct) that the result 
of this comparison was distinctly favorable to our 
formula, nnd I am naturally surprised, therefore. to 
learn from you that It "clearly shows that the Engi- 
neering News formula glves the clo.sest approximation 
of the three." John C. Trautwine, Jr. 

(The reason why we took a n  unfavorable view 
of the comparative results of the Trautwine for- 
mula can be very briefly, nnd we  think conclusively, 
shown from the eight instances referrpd to, by com- 
paring the SAFE loads which the two formulas 
~ i v e ,  using Mr. Trautwine's own factors, a s  fol. 
lows: 

Mean ratio of fermnla 
eafe load to bearing 

power by test. 
In- By Traut,wine formula. TrauL- Enu. 

8t.snce. Condi~ions. Farror. wine. News. 
1 Mud, tremoru. 1-12 .W 2 2  
2 Mud tremorp. 1-12 .14 .lo- 
3 ~ u d :  tromors. 1-12 .W .OZJ 
4 Mnd, no tremors. 1-6 .W .01 
5 Mud. no tremora. I S  .046 .I2 
6 Mud (ti. no tremora 1-6 .09 .28 
7 Sand, tremors. 1-4 .23 .07 
8 Sand, no tremors. 1-2 .30 .11 - 

Moan.. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .I21 .I10 

The fnce of these returns looks a s  if the two 
formulas were much of a muchness, but let us 
look further. The  three instances in which i t  
looks a s  if the safe load by the Engineering S e w s  
for~nula was  decitledly too low are  Nos. 4, 7 and 8, 
yet in all three of these instances the full data, a s  
abstracted in our issue of Beb. 23, show that, a s  a 
matter of fact, the  Engineering News formula 
gives a s  great a safe load ns is warranted. In  case 
So. 4 piles settled under &,800 Ibs. an? the formu- 
la gives 35,333 Ihs. snfr? load. I n  case Xo. 7 piles 
settled under 75,000 lbs. and the formula safe load 
is 44,080 lbs. I n  case No. 8, the formula gives just 



n o  
half the est imatd extreme supporting power'. 
Therefore, in these three instances, the Trautwine 
formula appears to give a greater load than is 
really safe. 

We may or may not have been right in thus 
reasoning from these particular records, but as 
Mr. Trautwine himself admits that his formula is 
not consistent under extreme cases of fall, giving 
fa r  too high values for low falls and vice versa, 
'owing to its making the bezring power vary with 
the cube root of the fall, we fail to see why he 
should so strenuously insist that the formula 
chances to fit certain particular instances as  well 
or better than others, even if it did so. Supposing 
this absolutely proven; what then? It is known 
that in certain other cases it would not be so trust- 
worthy. The Trautwine formula would naturally 
fit the seven instances quoted from the Pocket- 
Book pretty well, since it was framed to fit those 
instances only or chiefly. I t  is not probable that 
Mr. Tmutwine framed it to fit any other specific 
records, or he would have quoted them. 

As for the Trautwine factors of safety, it seems 
to us absurd to maintain that the intent of the 
sentence quoted is to give four specific factors to 
be used in four speciiic instances. The factor it 
specifies in effect is "from 1-2 to 1-6, but only half 
as  much if liable to tremors." What structure was 
ever built that was not "liable to tremors," if only 
from earthquakes? Practically, the specification is 
for a factor of 1-2 to 1-l2, according to the engi- 
neer's judgment. 

For again, if the sentence as to factors be taken 
literally, as  suggested, it inculcates exactly the re- 
verse of good practice. To conform with the uni- 
form results of experience, a s  indicated in recent 
discussions, it  should rather read as  follows: 

"For piles driven in firm soils about 1-6 of the 
extreme load by formula may be taken; but when 
driven in river mud or marsh, onehalf, or even the 



full formula load, or  even two or  three times that  
load, may be taken with about the same assurance 
of safety a s  1-6 in firm soils." 

The error in the original sentence lies in the fact  
that  i t  allows twice over for the weakening effect 
of mud and soft material on the supporting power. 
Xo one doubts that  a pile driven in mud is nbsolute- 
ly of f a r  less value than one driven in firm soil; but 
that  effect is  far  more than incluged in the com- 
parative bearing power by any and all formulas 
which are based on the mean penetration under 
the last blows; because all experience indicates 
that the final bearing power of piles driven in mud 
is abnor~nnlly great in relation to the rate of pene- 
tration when driving, and not abnormally small. 
The supposed and sufficient explanation of this 
fac t  is tha t  soft mud gradually settles into every 
fiber of the pile, so.as to get a very firm grip upon 
it ;  whereas no such e f fy t  takes place with firm 
soils. 

This fact  alone shows that  the sentence in ques- 
tion was not a carefully studied provision of four 
different factors for four different conditions, but 
rather that the thought in the mind of the writer 
was essentially a s  we interpreted it.-Ed.) 



EFFECT OF USING CAST IRON SHOES. 
Sir: Noting your article and comments on pile drlr- 

fng In issne of Dec. 8, the following experience may 
be of interest to those of your renders who may be 
called npon to drive piles through crlbwork and old 
timbers, such as  I had occasion to do recently for the 
Department of Docks, a t  the foot of Canal St., North 
River, New Tork. The nature of the cribwork was 
unknown, and the qufckest and best method of driving 
was determined by a series of tests as  the work 
progressed. At first the piles were shod with cast iron 
nlioen. as shown in Fig. 1, but hiled, as  shown in 
Figs. 2 and 3. 

Effects of Driving Piles Having Cast-Iron Shoes. 

The piles were next driven with the potnt cab off 
aqunre, but broomed points and split and broomed 
heads appeared to such an extent that the method of 
polnting was resorted to with very favorable results. 
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The piles used were sound and straight spruce and 
yellow pine sticks, the latter giving much better rr- 
sults, and withstanding the 60 to 70 blows of a 3,oO-Ib. 
hammer, falling 10 it.. much better than the spruce. 

Eugene Lentilhon, 
New York, N. Y., Dec. 14, 1892. J. Am. Soc. C. E. 



EFFECTS OF OVER-DRIVING OF PILE&. 
(From Engineering News of Dec. 8, 1892.) 

By Robert L. Harris, M. Am. SOC. C. E- 

Many years ago engineers used to be instructed 
and required to drive piles to a very small more- 
ment a t  the last hlow, even so low a t  times a s  % 
in. Common sense rebelled st this, and so soon 
ns the writer came in responsible charge of work, 
he seldom permitted it. I n  1879, an  ocular demon- 
stration not only showed the correctness of this 
l tng held position, but caused a loss of fuith in 
piles driven to small movements for many cases. 
The projected line of the Boston & Hoosac Tunnel 

C Western Ry. passed under the Troy & Green- 
field (then in operation), in two places, both of 
which were a t  embankments of sand. After some 
years of litigation the first named road wss  pcr- 
mitted to be completed; naturally i t  derived no 
assistance from its opponent. F o r  the proposed 
openings, to be spanned by iro'n bridges on masonry 
abutments, temporary bents of piles were driven 
in the embankments to about 22 ft. below track 
level of the T. & G. R. R., to allow excavation 
for the abutments, etc., a t  the under crossing. The 
fine compact sand caused hard and slow driving. 
I n  the subsequent excavation which soon followed 
i t  was found that  over one-half of these piles were 
next to worthless, being split or broken from bhe 
driving a t  depths below 8 ft. in one or  mom of 
the three ways indicated by accompanying 
sketches; and in these cases the bents had to be 
"posted down." 

Most of the piles failed a s  shown in Fig. 1; 
some of them, however, a s  in Fig. 2, and a few 
only as in Fig. 3. 
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I n  the code of rules (p. 1) there is mention of the 
bnd effect of "broomed hends," but broomed points 
are  h:~rtlly touched upon, which naturnlly brings up 
o secol~d practiral point early learned, about which 
many engii~eers aud contractors will differ with 
the writer until they may make fair  trial. 

I n  most kinds of materials n pile mill drive bet- 
ter, truer and nearly a s  rapidly, if merely cut off 
sqrlare a t  the lo\ver elid than if poiutetl: ;~ntl. 
strnngel~- enough, this proved so e w n  in iutlorated 
sand where marking stakes required pointing or 

Modes of Failure of Over-Criven Piles. 

holes 111nt1e for tl~t>m. .ilthor~gli rnttiug off gi!es 
stires 1;1ln,r of ha~itllill:: i11il1 l)oll~tin::. ytst 011ly :I 

t lc t i i~~~~st r ;~ l io : i  colivluces t~~~ : i~ l ee r s  ;lntl 'orltrac!ors 
of tlirs I:v~~t.tir: OII(..~ tritvl. Ilt,\vevrr, 11t.ithc.r will 
tl~tsrt~;~ft(br 1 O . I I ~ .  (ssct.pt u~i: l~sr "c.;lst iron sj~rclli?i~- 
tions." 

(The poiut that  piles \\-ill, a s  a r ~ ~ t c ,  drive better 



without sharpening than with, is now, we believe. 
generally accepted practice. An iron shoe, if used, 
is also of very little assistance, generally stripping 
off before it has penetrated far.-Ed.) 



OX THE NASJIPTH STEAM HAMMER.* 
By Don J. Whittemore. 

Having used the Nasmyth steam hammer in 
driving piles in foundations for masonry a t  tlle 
L a  Crosse and Sabula bridges and for elevator 
foundations in Milwaukee, i t  may be proper for 
me to testify that  in my opinion no engineering 
plant is complete that  does not include this appli- 
ance, and I fully indorse all that  was written in 
i ts  favor over thirty years ago by Wm. J. 3fc- 
Alpine, Past-President of this Society. 

I wish to present some evidence of how fa r  the 
effectiveness of this machine is dependent on k e e p  
ing a firm head to the pile. Whenever the head of 
the pile becomes broomed from repeated blows of 
the hammer, though this, brooming may not extend 
to a greater depth than from one-half to one inch, 

--- .- 

foof, of penet~t ion 

Head adzed 
foot"of penetrption 

Head sawed 
foo\,of penetf?tion 

4 '  . 

reqgred 

off. 
req:fred 

off. 
reyired 

-- - -- 
Total number of blows.. . . . . . . . .5,228 

-- 
Republished from Transactions Am. Soc. C. E., 

Vol. XU, p. 44l, 1883. 
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Ihe useful effect of the blow is partly lost through ' 

extreme elasticity a t  the pile head. The follo\ving 
data as to the driving of a green Norway pine pile 
a t  Sabula illustrates how far  this obtains. The pile 
was brought to its position between the lenders 
and dropped through 10 ft. of water and penetrated 
the silt of the river bottom to a depth of 2 ft., and 
then the hammer commenced its work: 

A pile of about the same size as  the one men- 
tioned above, driven near the same locality and to 
the same depth, but with no adzing or sawing oft 
the head during driving, required 9,923 blows. 
The ram weighed 2,800 Ibs. and dropped 36 ins., 
65 timed per n~i~iute. 

-4t Sabula, about 2% of the 700 pilis driven by 
this appliance r~~ptored  slightly just below the 
ring support a t  the head of pile, and the frict'on 
produced by the wood fibers working on each other 
under the repeated blows of the ram was sufi- 
cieut to ignite and burn the heart of the head of 
the pile quite across, as  will be seen by an er- 
amination of the specimen now exhibited. 

I add one other remark. This machine is being 
manufactured and is called by the manufacturer 
after an individual who has added several perhaps 
very in~portant minor details that have made it a 
little more practicable than it was thirty years 
ago. But wherever the members of the American 
Society of Civil Engineers witness the operations 
of this machine. I desire that they shall not drop 
the name of the Scotchman who was its inventor- 
James Nasmyth. 



SOME FACTS OF EXPE]nlXS&Z 
DRIVING. 

(From Engineering News of Dec. 8, 1892.) 
By Mr. W. B. W. Howe. 

Several yenrs ago, being called upon to desigu 
and construct certain railroad terminals, a large 
portion of which was to be located upon a soft 
marsh averaging probably 70 ft. in depth, it b e  
came necessary to determine with a reasonable 
degree of accuracx the supporting capacity of piles 
driven into, but not through the stratum. This 
was particularly necessnry as much of the work 
was to be of a temporary character where it was 
inadvisable to incur the expense of securing piles 
long enough to penetrate to the solid bottom. 

The following test was made: 
A pile driver was selected and the guides gmd- 

uated so thnt the fall of the ram could be readily 
noted for each blow, as  well as  the penetration of 
the pile and its depth in the ground. A pile of 
known length, 12 ins. square, (weight 1,500 lbs.), 
was secured. The ram weighed 1,950 lbs. nnd was 
tripped automatically a t  the zero point on t l ~ e  
guides. The result of the first pile test is tabu- 
luted below: 

N0.b l0~ .  0. 0. 1. 2 3. 4. 5. 6. 7. 
Fall, f t  ...... 0. 0. 10.513. 15. 16.519. 20.522.5 
Set. ft ...... 5.0 6.5 2.5 2.0 1.5 2.5 1.5 2.0 1.5 
Depth in it .  ..5.0 11.5 14.0 16.0 17.5 20.0 21.5 23.3 23.0 
Contact surface 

Sq.ft ....... 20 46 46 56 64 70 80 86 94 
Coefficient of re- 

sistance Ibs. 
per sq. it .  .. .. .... .ef5 45.3 457. 460 483 465 472 
(The last line is obtalned hy dinding the totnl ener- 

gy of the blow in foot- ounds (fall in ft x wt hammer 
in lhs.) bv the area of surface of the bile in contact 
with the 'earth. We have checked tlir6ugh the co~ii- 
putationn. and flnd them correct, but the large and 
round flgures for the set hare a m e w h a t  suopieQne 
look.-Ed.) 



It ia cari?ns to  note how i n i f o m  the coefficients 
in the last line above are, and it may be a fair 
wnjecture, whether the gradual increase from 
Ibn. per sq. ft. under a fall of 10.5 ft. to 172 lbs. per 
sq. ft. under a fall of 22.5 ft. may not be due 
rather to the loss of energy as  the fall increases 
than to !tn actual increase in the mffi- 
cknt  itw2lf. These seem to me too great 
to be attribute3 to the friction of t h ~  mud 
apon the sides of the pile, when the short interval 
between the successive blows of the ram is taken 
into consideration. It is of course impossible to 
determine, without experiments specially directed 
to bhat end, how much may be due to the resis- 
tance a t  the point of the pile. The data therefore 
have no special bearing upon the present discus- 
sion and are only given for what interest they may 
possess. Similar records were made of over 1W 
piles, and more or less complete observations upon 
more than 1,000 piles driven in the same locality 
serve to confirm the general character of the spe- 
cial tests made. 

In order to ascertain what increase in stability 
the piles would probably acquire over that indi- 
cated by bhe excessive settlement a t  ench blow 
of the ram, several tests were made by carefully 
noting the penetration a t  the lnst blow, and sus- 
pending operations for twenty-four hours, a t  the 
expiration of which, driving was resumed. In nl- 
most every instance the penetration a t  the first 
1)low was but one-fifth of what it had been under 
the last blow on the previous day, gradually in- 
creasing after two or three blows, until the full 
penetration wns reaohed, showing very clearly that 
a longer interval, than that between the successive 
blows of the ram, was required to enable tlie mud 
to attain its full grip upon the pile. 

One case possesses su5cient interest to be re- 
corded. The pile in question was driven in a tern- 



m 
porary trestle, penetrating 40 ft. into the mud and 
settling 36 ins. under the last  blow of the ram, 
falling about 20 ft. 

The nltirnnte (not safe) sustaining capacity of 
this pile u.3 determined by the several f ~ r m u l a s  
given by Mr. Crowell would be a s  follows: 
 sander^. ................................... .18 480 lbs. 
P)nglneeriug Xews.. ....................... 18080 " ................................ ('rowell (a) 18.210 '' ............................... Trautwine.. 10.037 " 

And yet the location of this pile was such ns to  
'load it many times each dsy with about IS,tWX1 lbs., 
nnd after the expiration of two jears  no settle 
~iient could be detected. I t  is  evident that  in this 
particular case the formulas all give too small 
ultim.3te loads, because, the conditions upon which 
they are based are  not those which control the 
actual sopporting capncity of the pile. . 

Contrast the foregoing example with another 
case. A similar work was undertaken in a dif- 
ferent locality, hut the character of the s t ra ta  
through which the piles were driven differed in 
every respect. The rnursii was underlaid a t  vary- 
ing tlepihs by a hanl bed of sand. The overlying 
I U I I ~  being so soft tha t  one or two blows of the 
ram would drive the pile down to the sand, in some 
instances more thnn 30 ft. Tests indicated 6hat 
ufter the expiratio11 of 24.hours of rest, the condi- 
tions rem-lined unchanged. The first blow of the 
ram caused the same penetration a s  did the last 
blow on the previons dny. It wns evident, there- 
fore, that the supporting capacity of the piles must 
be derived from the snntl strntum underlying the 
mud, and into this they were driven, settling nt the 
last blow of a 2,240-lb. ram fulling 25  ft., from 1% 
to 3 ins. The underlying strntum of sand varied 
in depth, and in several instances ai~igle sections 
of piles mere not of sufficient length. It was, t h e r e  
fore, necessary to drive one or more utlditional s e e  
tions upon the first, the connection being made 
with ordinary dowel pine. Estixnating the bearing 



capacities of these piles by formula, &e following 
comparison (taking s=2 ins.) may be had: 

Gross. Safe. 
Sanders.. ....................... Xi6.OO 42.000 
Engineering News. .............. 224.0w) . d7.W 
Crowell (a).. .................... 2?!12.180 48.697 
Trautwine.. .................... 109.013 54,506 to 9.085 

The cond,tions of londing to which these piles 
were subjected, were in every way similar to those 
mentioned in the previous case; and yet, all of the 
single piles settled appreciably, while those com- 
posed of two or more sections, end to end, yielded 
but slightly or  not a t  all. 

I do not know of two instances that more forci- 
bly illustrate the effect of the material penetrated. 
In  the first instance, the ultimate sustaining capac  
ity of the pile, by formula, is but 18,OSO lbs. while 
in nctual and almost hourly service this load was 
reached without causing further settlement for two 
years a t  least. While in the second instance, al- 
though the indicated ultimate resistance by for. 
uln is over ,W,000 Ibs., and the safe load, by the 
most conservative (Engineering Se\l7s) formula, 
37,333 Ibs., the piles have failed a t  less than o u c  
half that amount. It is worthy of special note, 
and I s h ~ l i  refer to the fact  later, tha t  in the 
second example the single section piles showed 
appreciable settlement while those composed of one 
or  more sections did not. 

In  contrasting the two cases the reasons for the . 
differences are not f a r  to seek. I n  the first case 
the marsh mud was of a peco1iarl.v tenacious chnr- 
ncter, tough and sluggish in its movements. Hav- 
iug being dilplaced by the pile in driving it required 
a considerable time to restore itself to grip the 
stick, but once having done so, i t  possesses sum-* 
cient elasticity to admit of considerable lateral 
displacement without breaking away. Bu t  in the 
second case the point of the pile was in sand, a 
material not composed of these properties, and a[- 
thougll the piles were fairly well driven as regard* 
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thp settlement a t  the lnst blow, the continned 
vit~rntion set lip by passing trains being transmit- 
tell t o  the point, gradually worked them down. 
This vibrntion, a l t h o ~ g h  affecting in like manner 
those pile9 eomposed of two or more sectionq 
was dissipatetl in the upper sections and fail- 
ing to rench the point, could not prodnce that  
disturbance of the snnd necessary for settlement 
to take place. I believe this to be the explanation 
of the stability of these double section piles. 

The tendency of piles driven in snnd to work 
themselves down if exposed to vibratory motion, 
is well known, and seems to be entirely indepen- 
dent of the settlement a t  the lnst blow of the ram. 
I n  my own experience, I have known very many 
to settle under a load of about 18,000 Ibs., nlthough 
driven to Y!-in. settlement with a 1,200-lb. ram 
falling 20 ft.; gx1n~'ipally. I believe, because the 
limit of penetration, j/2 in., would be reached before 
the pile had been driveh deep enough to prevent 
its rocking, so to speak, on its point. I cnn- 
not now call to mind a single instance of piles 
driven into the sand and exposed to vibrations that  
have not settled more or less unless driven quite 
deep. I t  in my practice and has been for some 
gears to require all piles to attain a certain mini- 
uinlu depth, regardless of how small the penetra- 
tion nt the last blow may be, unless some firm and 
reliable stratum can be reached. 

In conclusion, if it can be established, a s  I think. 
that the individual peculiarities and properties of 
the sail petletrated must appear a s  a factor i.1 
any expression for the bearing capacity of a pile, 
and that factor cannot be measured by "s," I do 
not see how it is possible to use any formlila with- 
out expending .IS much labor in determiniltg tlir 
particular constants and coefficients necessnry, a s  
would be involved in making an actual test upon 
the ground by piles driven and loaded, Many 
other instances might be given which would seem 



to indicate a like conclusion, but I have already 
cccupied more of your space than I had intended. 

(Comments by Editor of Engineering News.) 
W h a t  would our correspondent propose to do, 

simply guess a t  the bearing power of piles? This 
seems to be the legitimnte inference from the 
opinions he expresses, but the facts which he nd- 
vances in support of those opinions seem to uu 
quite consistent with the opposite view; viz., thnt 
a proper formula properly used will a t  least let a 
man know when he  is or is not withill the limits 
of safe practice. Taking up his examples seriatim 
the first one is not accompnnied by any evidence 
of bearing power. By the Engineering News form- 
ula their snfe bearing power would be 

1,LXJ x 22-5 - 4,333 ~b :. 2 
11) + 1 

if measured by the penetration without in- 
termission after blows. If in this case, a s  
in the one next given, the penetration after 
24 hours was only one-fifth a s  groat, the 
safe l o ~ d  would be increaseil to about 19,0% 
Ihs., the ultimate being in ench ease six times a s  
much. 

I n  the next case, the safe load was found to be 
18,000 lbs., whereas the sereral formulus (exclud- 
ing that  of Trautwine, which was erratic) showed 
an  ultimate of only 18,0SO, the safe load by f o r  
mula being only 3,013 lbs. But if, a s  stated, the 
penetration was only one-fifth a s  great after 24 
hours' rest, the safe load by formula becornea 
about 15,000 Ibs., and the ultimate 90,000. Does 
not the actual 18,000 Ibs. check pretty well wit11 
this? 

The third case presents the very extraordinary 
result that in piling across a deep and soft Lnsrnn 
those piles which were spliced out to 60 to 90 ft. 
afterwards stood a load approaching nearly to the 
formula safe load, while those piles which were 



ALLEGED to  have touched hard bottom without 
splicing did not stand half the formula safe loaci! 
H a s  it occurred to o m  correspondent that  perhnps 
his contractor or  foreman was trifling with his 
confidence, and represented the actual status of 
those unspliced piles differently from what i t  was? 
I t  is  against nature that  the sand bottom to a 
deep marsh should be so very irregular a s  the 
statement of alleged facts implies; and no formula 
can possibly be made general enough to cover and 
provide for the 'possum element in the soul of a 
contractor. Nothing but eagle eyes can do that, 
and they not always. . . 

Finally, our correspondent says that he  has  
known short piles driven to % in. set by a 1,20@1b. 
hammer falling 20 ft. to settle under 18.000 lbs. 
The safe load for such a pile by the Engineering 
News formula would be 

12,000~ 2 0 x  2 -  --- - sz,oao lbs. 
0.6 + 1 

and while agreeing with our correspondent that  no 
pile which has  not penetrated a reasonable dis. 
tance into the earth can be regarded a s  safe!)' 
driven, we "don't the fact," like the Scotchman, 
lhnt any pile ever rationally driven into sand not 
underlaid by mud, and under the other conditio:is 
stated, has ever failed under a fairly imposed load 
of 18,000 lbs. Were there not some unstated modi- 
fying circumstances or  elements of doubt in this 
easel  



PILE-DRNLYC; ;MACHINE. 
The machine illustmted is olie of the 7 . 2 ~ ~ .  1~tesk 

in modt.1 and the heaviest in S e w  York h~~rhor .  
The bull is 56 ft. 6 ins. long and 23 3. 6 ins. 

wide, orer all: each of the sides of-the hull is made 
of four pircev of ~ellow.pine. the two lolrer each 
Y x 14 ins., the third i x 14 ins., the top piece 
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6 x 14 ins., all securely tied by through bolts; the 
bow p l~nk ing  is oak, 5 ins. thick; the bottom and 
end plnnk yellow pine, 3 ins. thick. The how is 
flirther strengthened by a 16 x 1G in. crosa-ti~nbvr 
nt  top, and a t  the stern is an  S x l2 in. cross-timber 
of yellow pine. Oak is wed  on the bow a s  bring 

better adapted to stand the constant wear of the 
piles hauled aqainst i t ;  and to prevent knots or  
inctlualitics on the piles il~terfering with their po- 
sition untl.?r the hauimer, the bow planking over- 
hangs G ins. in its total height. 

The chief entl in the design of n hull for r iioat- 
111:: pile driuer is  to obtain longitudinal stiffness, 
p tha t  the strain between the bow and engine may 
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be properly distributed. To this end our hull is 
strengthened lengthwise by four wooden bulkheads 
or keelsons, each 6 ins. thick (Fig. 2) and braced 
Iateriilly by the four sets of X brxces of 6 x G tim- 
ber. The hull is further braced in the center by 
two 3 x 12 in. yellow pine braces and tie rods or 
"hog chalins" of iron 1% in. in diameter. Wale- 
pieces and fender plank 3 ins. thick protect the 
outsid? of the hull against chafing; the deck has a 
"crown" of ahoat 6 ins. in its total width. 

The hammer-guides are made of two pieces of 
l2 x 12 yellow pine, GT,ft. long from out to out, with 
inside of guides 5 x 4 in. stuff protected by plate iron 
W in. thick; % in. bolts with countersunk hcnds 
fasten the inner guides to the maip sticks and a t  
the same time secure the ironwork to the same. 
The bottom of the main guides are connected with 
the 12 x 12 bedpieces,. &own in Fig. 3, by two 
timber-knees, and are tied 4t  top by the cap shown 
in Fig. 6. 

The dimensions and general arrangement of tlie 
back-bracing is fully shown in Figs. 1 and 3; the 
bolts used in this portion of the framework are 
7k in. diameter. The side braces are round tim- 
hers 16 ins. diameter a t  the butt, and they are 
anchored to the hull by two heavy timber-knees 
to each. The bedpieces, as shown in Fig. 3, are 
fastened down to the hull by four bolts each 1 in. 
in diameter, the forward bolts passing through the 
l G x  16 in. oak piece on bow, and the after bolts 
passing into a cross timber 6 x 14 ins., as  shown 
a t  Fig. 4. The foot of the back-bracing is se  
cured to the bed-timbers by one 1 in. strap-bolt 
in each timber, the strap portion of bolt being 
2 x 3$ in. in section. A Th in. through bolt ties the 
three braces together. 

The iron stayrods running from head of guides 
to after part of hull are two in q u ~ b e r ,  and are 
each I in. in disweter, 



The hoisting sheaves on top are two in number, 
placed side by side. They are 12 ins. in working 
diameter, 1% ins. from out to out, and 3% ins. 
wide; and the pin passing through them is 2% ins. 
diameter a t  the sheaves, and 2 ins. diameter in thp 
boxes. Experiences teaches that these proportions 
are none too great to stand the severe work f r e  
quently put upon it  in hoisting heavy weights and 
tearing out timber. The fall-rope attnched to the 
hammer is 2 ins. in diameter, and the "runner" 
used in hoisting up piles is 1% ins. diameter. 

The hoisting engine is a double-drummed Mundp 
engine of a nominal 25 HP. 

Fig. 5 shows the hammer used with this machpe. 
The drawing is sufficient to show its general de 
si.gn. The weight is 3,300 lbs. 

Pig. 7 sh,ows the method of attaching tlie two 
5 x  12 in. horizontal braces to the round side 
bmces, as  further shown in Fig. 2. 

(Mmy other illustrations of pile-driving ma- 
chines will be found scattered through the volulqer 
of Engineering Newa) 



BEARMC PILE!$. - 
@OR- FOR THEIR BUBTAININQ POWER, 

8mB AND DISPOSITION IN ANY 
FOUNDATION. - 

Compiled by Rudolph Hering, If. Am. Soc. C. E. - 
There hna been much uncertainty in the minds 

of many pmctical engineers regarding the proper 
formrlln for pile driving. Some text books nnct 
note books give only one agreeing with the views 
of the respective author; others give t m  or three 
without an impartiln comparison. At best, the 
osunl information is unsatisfactory, and it  has been 
cuetornary often to use an rnreaaonably high fac- 
tor of enfety, a t  the expense of ecoaomy, to guurd 
ngninst fhe uncertainties. In order to nrriw a t  
some intelligent judgment, the following has been 
g&u.llly oompiled. The original works and pupers 
of the various authors on the subject mere 
esnmined, and their formulas, experience and 
opinions extracted and compnred. A portion of 
the mutter is very simple, but as  the simpleut 
things sometimes do not app-ar eviilent when 
quickly wanted, it was thought well to add whut 
was necessary to round off the subject for practical 
nee. 

There are two distinct classes of bar ing  pilra. 
The first class consists of those which are driven 
to a perfectly solid foundation, and act a s  pill;lrs 
or columns of support and which are therefore 
designated by the name Columns. The other class 
consists of such as  derive their supporting power 
from the friction of the materinl through which 
they Pass. These alone are properly called Piles. 

As they require different theoretical considem- 
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tionri, they will be treated of septirately, af ter  
mme general notes applicable to both have been 
given. 

Letters Denote: 
Q (lbs) =Extreme load which a driven pile will 

bear, without sinking deeper into the ground, 
the last blow of the ram has  sunk the p ~ l e  s 
feet. 

F (fraction) = Factor of safety used when load- 

in%a(l!f:fslej= D' x Q = Safe load which a pile can 
*r. 

Ir ; (lbs.) = Safe load which a pile can bear per aq. 
f t  ,of sectional area. 

L (Ibtl.) = Safe load on a tes t  pile. 
14 (Ibs.) =weight per sq. ft. upon foundation. 
w (Ibs.)=wei h t  of the ram or hammer. 

(lbs.)=weig%t of pile. 
(ft.)=height of fall of the ram. 

I (ft.)=length of the pile. 
s (ft.)=distance which the pile sinks under t h e  

lust blow. 
P, (It.) = distance which the test ~ i l e  8:nko under 

th; lnst blow. 
(1 (ft.) = distance from center t o  center'of pile, 

if equal in both directions. 
b (ft.)=distance from center to center of pile, if 

mensured in a loncitudinal direction. 
c (ft.)=distance from center to center of pile, if 

mensured in a lateral direction a t  right angles 
to h. 
a (sq. ft.) =sectional area of the pile. I n  col- 

Itlnnu. u is the smallest sect. area; in piles srrs- 
tninetl by friction. a equals the mean sect. urea. 
E (Ibs. per sq. ft.) = Modolus of elasticity of the 

material of the pile. .(This modulrts is useallg 
given in Itts. yer sq; In.; it mnst, therefore, he 
tnultiplicd hy 44 w en introduced in any of the 
follnwing formulas) E = 1,690,000 x 114. will be 
sufiriently close for ortlinnry timber. 

C (Ibs. per sq. ft.) = Coefficient of elasticity, indi- 
rnting how many Ibs. per sq. ft. sect. area of the 
pile. will compress it to the liniit of the ellisticity 
of the material. (As this is also nsr~nlly given per 
sq. in., i t  must be multiplied by 144 before being 
s t~hut i to td  in any of the following formulas.) 
(? = 3.000 x 114 will be suficiently accurate for or- 
dinary timber. 
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f .--Cm3X,.4L NOTES. . 
1. Weight of Ram and Height of Pall.-Nmd~ 

all authorities say that a heavy ram with a skuat 
fall is much to be preferred to a light one with a 
long foll. Any increase of fall bey& 40 f t ,  even 
Fn the best machines, gave no incqaw of penetra- 
tion in the sandy soil a t  the Brooklyn Navy Ywd. 
Some authorities think, the weight of the rum 
should be in proportion to the sectional area, o & w  
to the total weight of the pile. Becker concludes 
from a theoretical examination that the most econ- 
omical weight of a ram is equal to the weight of 
the pile. Ordinary, piles from 10 to 14 Lls. ia 
diameter are driven with mms weighing I,%@ to 
2,000 lbs. 

2. S.lccession of Blows.-It has been obseraed 
that qnick blows with a heavy ram glve a greuter 
penetration a t  less expenditure of power than slow 
blows, with a light mm. In sand or silt,  blow^ 
should follow rapidly in order to prevent the 
gouud from settling around the pile before tbe 
next blow of the ram. 

3. Weight of Punch.-Becker gives the moat 
economical weight of a "punch" or "follower" a s  
(w + r) lbs. 

4. Margin of Safety.-On account of the many 
uncert~iuties in connection with piles, a wide mar- 
gin of safety is recommended hy all authorities, 
nt least for important cases. I t  is sometimes im- 
possible to tell how much of the sustaining is due 
to a "solid bottom," and how much to frictioa 
alone. There is often no guarantee that a pile will 
not steadily sink under a heavy quiescent pressure 
applied continuously and unremittingly, when it 
withstood perfectly a corresponding sudden blow 
of the ram. This may be feared especiall$ in 
clays. The vibrations of the structure may in 
time produce unexpected settlements; this may 
also occur when certain clayey soils become verp 
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wet adjoining the piles, and the friction is thewby 
lessened. On the other hnlld there are  circum- 
stances m,llieh tend. to incrense the strength nfter 
a lapse of tirue. The soil between the piles some- 
times, especially if sandy, becomes more compact 
and increases the friction, ant1 often the soil itself 
will carry a considerable portion OF the weight. 

5. Size.-It is the general 02inion that piles 
should never be less thnn G ins. in diameter and 
rarely over 18 ins., and that  the diameter should 
not be less thnn 5% of the length, unless the soil 
is very stiff. 

G.  Disposition.-Many writers give the nearest 
clistance which piles should be apart, ns 3% ft. 
from center to center, becnuse large piles e s l~ec in l ;~  
when driven closely, will force each other n2. 
Should this ever be feared,  the:^ the piles ought 
to be driven with the butt end down, commencing 
a t  the center of the area and working townrd th- 
sides. The ordinary distance is 3 ft. apart; for 
light work, i t  is from 4 to 5 ft. 
7. Material.-Elm, spruce and oak are consid- 

ered the best materials for piles. 

11.--COIAUMNS. SUSTAINISG POWER. 

Va lu~s  for the safe loa3 per square foot sectional area 

column, = 2 
Autboritr. Values as given. 

Ria kine and Ma- 
lian.. . . . . . . . . . .l,cW)? Ibn. per sq. in.. . . . . 

Peronnet . . . .. . .7,% to 990 Ibs. r eq. In 
Stol.ey . . . . . . . . . .,, crushln~ we&t of d r j  

timber. viz : 
Rlm. 1,000 1:s. pe:.eqsq. !?. 
Aah. 880 
Beech. rOO " " " 
Soruce 650 " " " 

Cedar.' 610 :: " 
Oak 600 .a 6' 

~e l . ' ~ ine ,  533 1b.r. pr w.in. 
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AB these vahes sometimes ascribe a much 
greater bearing capacity to the piles, than when 

'bear, without sinking deeper into the ground, after 
friction alone is the supporting power, great care 
muat be taken in applying them, remembering that 
they nre only reliable when the piles act as  coi- 
umns nnd rest on a firm foundation. Careful judg- 

' ment must be exercised as  to whether this is en- 
tirely or only partially true, in which latter case 
a profwr allowance must be made. 

I t  should alsa be remembered that the columns 
fest on a pointed end only, which is an important 
consfderation ' in "long columns." As the above 
valdes are eafe crushing resistance of wood with- 
out regard to length of columns, they can only be 
valid, when 'the' ground is srtfficfently compact to 
prevent lateral bending of the piles; otherwise the 
reduction neaessary for long columns will have to 
be made. ,, ' 

, . .  

Formulalu. for maximum blows.-If the column 
has been driven to n perfectly crolid foundation, the 
following formblas mny be useful in ascertaining 
what.weight of ram will be necessary for a given 
fall, or what fall for a given weight, t o  compress 
the :material-OF 'the pile to its limit of elasticity, 
bepond which it shonid never be strained by the 
blow of the ram." 

a 1  Q w = x -  a1 C' 
a h ,  E' h = - x -  

. . Zw E 

For most kinds of timber it Will enface to  say: 

, . *  a 1 a1 
. .. w .  h t 4 M -  w ' 

( .  

~ o r m u l a s  for 6 k e  and Disposition.-lt is evident 
that. each column of the sectional Ere8 a will have 
to sustain b x c x W Ibs., or d= x w I~s., therefore, 

L 
a x ( r ) = b o ~ = d . ~ .  

The following table give8 the value of each factor. 



Table for Sine and Dispoeition of Columna.--Gup- 
posing columns to have any  form of section but the  
same sectional area (y and the  same sustaining 
power: 

. . . ... &en sustaininp p w e r  12 - M column p a  4. foot} ( ;I= vrriues a-rdt to va- 
rious a u t h o a e s  as 
aboru. 

Requf rt d snntainfna L h o  W = d*.W. 
of column per sq. KF} = -;;- , 7 

b c W  - 
Seetionsl aren of column a =  L = ' L  

.(yL - 
V eieht on a eqqare foot of foun- I; L 

aacion.. . . . . . . . . . . . . . . . . . . . . . . . . . W = a  (y) = a ( a ) .  

Di-tanrq Crqm center ta center of L 
c~l.~mnimenaured loogltudinally, b =a (7) . 

c w  : 
Dishnoe from cenbr to center of 

or4smns meseured laterel!y a t  a (&) ' , 
right anglcs to, b, C E  a . 

-%-iF. 
Distance from eenW to o e n k  et 

C ~ U Y W  if .-I la hot$ fix!!-a = 4 &A. 
LIOM. 

-7 
Example I.-ROW c l m  m u 3  s p l l q  gileo. l i t .  uare. 

bedriven when mattng firmly on sb i rook. addyhere  
fore acting as columns if they are to swtsin With n t e t l  
a weixht of four tons i e r  sq. foot t 

L 
Given: a = 1: (, ) = 93.800; W = 8,000. 

Example 2 -what will be the prowr seottonsl ere8 of 
oak piles &ung as oolumns in a rather MR m u a d ,  
driven 3- epsrt in one direction end 2 it 9 ins a W t  a t  
rightangles to it: they are 3 0 k  lag. k d  the weight 
upon the foundation is to be 5,000 lb. per ep. fLt 

L Given: b = 3; a = '2.75: W = 5,000; (;; ) = 

corresponding to & ina disla,wbioh is a b u t  & of its 



- 
which subetitated gives: 

5*o0 = 1.6; a =  !xi,m 
eqotrdent to 1% in#. in  diem., or 8bOUt & of the leogth. 
which in cmIBcient. 

In.-PILES. 
Sustaining Power. 

Unreliable Formulas.-A11 formulas developed 
from purely theoretical speculations regarding the 
resistance of the frictional surface of the pile in the 
ground vnry greatly among themselves; they are 
also undesirable for other reasons, and have there 
fore been omitted here. All fmmulaa eofrtaining co- 
efficient6 for different qualities of ground nre not 
given for the same rea~ons. 

Reliable Formulas.-The obly me&& which oan 
be depended on in calculating the sustnining power 
of pH& held by frictign is the experimental one 
which introdaces the actual distance (s) which a 
pile sinks under the last blow. The formulas de- 
veloped in i accordance wfth it  and which are tabn- 
l a t d  ,%elow, cL1m &der very much a$ ubnally given, 
but when properly analyzed, dassified antl com- 
pared, they will enable the engineer to make an 
intelligent eelecCion and obtain a perfectly sotis- 
factory re~fllt. Tables L and 11. will facilitate 
such r rational cornpatison. 

Contents of Table.-The first eolumn contains 
the authorities, which are all of the best, mostly 
origipnl, m d  all equally deaetviog of confidenee. 

The wand column gives the value for s and 
answers the question: How far  must a pile sink 
under the laat blow in order to sustain a certain 
snfe load? 

The third column gives the safe load L which 
the whole pile will bear when it has sunk the dls- 
iance 0 under the last blow. 
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.The fourth column contains the factor of safety 
proposed by each authority. As it indicates solely 
a personal judgment, and has nothing to do with 
the formula itself, but mainly as  it has caused 
large differences between some formulas, i t  ha8 
here been taken out and given separately. (Traut- 
wine thinks to 1-12 sufficient and Weisbach pro- 
poses 1-10 to 1-loo!) I t  is true that several for- 
mulas could be made to agree better by introduciug 
the factor respectively proposed by their authum. 
But for a rational comparison it mas thought bet- 
ter to separate what is purely personal upinijn 
from what is a derived formula. 

The I a k  column gives qumerical valuea of ex- 
treme londs between the ordinary limits, (not con- 
sidering the factor of safety). They will show 
the tendencies of the formulas and enable us to 
judge a0mewha.t of their mlative merits , , 

McAlpine's formula is aridently qnly re&ibl. 
under the 6ame coaditioue from which it .RW de- 
duced, because in some eases it giveadangerops, Jn 
others impossible results. 

Brix . & Becker's second, f a w e .  (neglac&,&e 
e l ~ t i c i t g  of the ,pile) ueeres \ ~ ~ ~ x e a w ~ q & ~ s n f e ; .  rn 
does olw Xrstmm's form.&, whea. eppikd. to 
light rams. 

Trautwinc's first formula cannot strictly be com- 
pared with the rest beduse s is ne$Iected. Bo& 
give safer values for heavy rams and high falls 
than for light rame and low falls dhea c o ~ p a r e  1 
with othem. 
The values of Rondelet, Rankine & Ifahan g h  

the sustaining power per sqaare foot and- not'per 
pile as  all other authorities. They are app1:cable 
when the piles will not move perceptlblp u-~der 
the last blow and can only be compared with the 
rest in a g~nera l  way. 

A cou~parison of factors of safety proposed by 
different authors shows a great variety of opinion. 
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The importance of this value of F in the f ~ r m n l ~  
may be seen from the fact that all except one 
could be made to give the snme result, merely by 
st~lecting factors of safety between % and 1-10. 
Therefore a judicious choice of value for F and an 
independent discrimination between the formulas 
themselv?~, seems necessary in order to obtain an 
intelligent result. 

On the other han(l, it, appears by comparison that 
to 1-5 would be a proper value of F for tenr 

lwrary or light work and 1-6 to 1-10 for perma- 
nent work, especially whcm ssl~bjected to vihra- 

-tions. For very importent work or in uncertain,nnd 
unreliable ground, the safeby should be increased 
still more, nnd left to the judgment of the engineer 
in each apecia1 case. 

On the other hand, the formulas of Weisbnch 
seem to offer the mast practical solutions under the 
conditions to which they apply. When considering 
the com~~reesibility of piles he obtains a little higher 
value than the general average, but still beneath 
that of Rankine. When the comp~essibility is neg- 
lected, he g i v e  three oaaes; 

(a) When m and p are comparatively large ant1 
L small, whieh rarely occurs. 

(b) TVhcn w and p are small and L large, which 
is generally the case. This formula is the same 
that Mason developed and tested by a series of 
experiments 

(c) When p is neglected. This gives the snstain- 
ing power r ~ t 5 e r  high values, but is commendable 
on account ~f ite ertrexue simplicity, especially 
with a so=c--!lat higher fsctor of safety. I t  is the 
same that Snnclers developed and tested by an 
extensive series of experime~ts. 

After a careful comparison the following for- 
mulas therefore seem to deserve the preference, as  
being reliable, safe and economical for general 
application. 



NEULK~I$O COMPRESBIBILITY o r  PILE, 
Weisbach and Mason:- 

wah w lh 8=F-. 
L ( W + ~ ) *  L=F-)* 

Simpler, though not qulte as sste, is 
Weisbach and Sanders: 

wh s = F - . L = F W h .  
L '  

' FACTOR OF S A F ~ Y  FOR ALL TEE ABOVE. 
F k 1-3 to 1-65 for tampo~ruy or light work. 
F = 14 lo 1-10 for heavy work es i a l l ~  when piles me 

held by clay and when they a r < m c c t s d  to vibrations- 
F should be even smaller than 1-10 for wry ~nlporbnt 

c a w  or mreliablw ground, and should be detertnincd 
w:th reference to the circumstances of ench case. 

The exact value of F between the given limits 
luust be determined by judgment in every sPeciul 
case. It will depend on the nnture of the soil, the 
requirements of the structure, and on the general 
character of the whole work. 

The value of L must never exceed the safe  
crushing resistance of the material of the pfie, or 
L L F x a x 142 x cru~bingatrcngth  ofmaterial  in 
Ibs. per sq. in. -. 

SIZE AND DISPOSITION. , 

Rntio of Sustaining Power to Frictional Surfncc. 
-3fcQlpine has stnted, a s  one of the law; found 
by his experiments nt Broo!tlyn, that, when piles 
of the same size are driven by the same hammer 
nnd from the same height of fall t o  different 
depths, their sustaiiiing power is in t h e  ratio of 
the squmes 6f their fractional surfaces of penetra- 
tion, or 
L: L, = ~ u r f a c e c f  fricticc2: ~ c r f t c e  of friction, 
It does not n:>penr whether any experime:its 

were made with piles of the same length but dif- 



ferent perimeters. However, as it is reasonable to 
expect the same results whether the frictional anr- 
faces are increased by lengthening the pile or bz 
giving it a greater diameter, we may assume, a t  
least in all cnses applying to ordinary pile driving: 

L : L, = 1' x perimeter' : 11 x perimeter,',, 
or L : L, = perimeter2 : p~rimeter ,~,  

supposing the length of the pile to be equal. 
Sustaining Capacity of Sections.-In the case of 

circular or square piles- this would be equivalent to 
L: , = a :a , ;  

that is, the sustaining power is in direct proportion 
tu the sectional aren of round or square piles. In 
the case of rectangular pilee, it follOWs (the ratio 
of the squares of the perimeters being greater 
than that of the areas) that they are more eeo- 
noatical thnn round and square piles, provided all 
otbcr thiugs, are equal; 

.The folj~wing table yaa w i ~ e d  for-values de- 
duced from the formula: 

L ; L, = q: a,; 
\\'I& Chis ctetezmins the m e  of the pile, tht, dis- 
p i t l b r i  @ easlly found by the 'followfhg formula, 
wi~ich id e v i h t  from the consideration that one 
pile should sustain b x c x W, or 

L + b c W = d ' W .  
W following table, alfbough aimple, may yet be 

found convenient fop quick reference: 
Table for Siw and Disposition of Piles. 

Supposing piles to be round or square, of equal 
sectional area (n) and of the same length.* 

I t  is tac111y nnaumed that the ground ie hnmoaeneaas. 
Getbrrnlly tttis in not  he oat&= but any dittrrence om be 
wjttsfed by the dcpf h whish the pile is drirrn. and 
therefore needs no factor 1n the table. It in only nscemry 
b drlve I he pile until lhb value Of I cotreaponding to the 
~utaininp power L la resched 



Bectipnd ares o i  
. *pi10 ... a = %  =bcw? 

we sustaioing 
power of test- a L = hW; 
pile.. ......... .L, = 

%4t"pi~e-.?a,= PL, a =Ti% 
Weight per sq. 

fa. upon m u -  
datlon ....... W= 
Distance from 

center to cer- 
tar ot  
measured%? 
altudlnallr.. . b = 
e n t e r  ta cen- 
ter oC @La 
measured lac- , Il 
tenrlry ........ 

Dtatanos Irom'oenter to centre 
of uilw It equal in ho h d ld  = 
reotione ....... f,............. at W 
Tbe relations of L to s o r  Ll 60 El (Mich i! >be 

-me) ere given eewhem socording tm the varioye 
authorities. 

&tun le 1,-Haw tnr e~hrt ahoald pilea be Mven i 
-io B w .  *en rigttt sng~n t o l i t  t b e ~  -84t 
lrom asawr Cepter' the w e w  to bg~awtdpd 18 

per s . me am I a. uare +nd a t e g t ' z  
R a  rn d9emata w m  acivea u d l t  s ~ ~ b  1 UL. ~m t k  
last blow t 

Given: c = 3; W = W ;  a = 1; a, = 0.33; s, = 0.08. 
5 W X M  Sought: 1. L, ;. B = $. X y =10,000 accord- 

, . 
fng to Banders' formula: 

aL 2 . b = -  - 1 X l0,ON a,oW - I ~ ~ ~ X ~ X + W O = ~ ~ ~  
2. If lo the for o b g  no teat pile has been drlven. but 

the rmaoent z e  Is to be driven until It will sustsin s 
d e g a d  ol30.000 Ibs.. then 

Given: o = 3: W = 2,500: a = 1; L = 94000. 
L 30000 

Souqht: b =  == =lit. 
3 I t  is reqnlred to calcul& the length of the iles for a 

certain foundation. Tbey shell have a sections area of 
I eq. it. ; are to be 3 x 1 fc. apart. and to carry a load of 
3.W Iba per sq. tt. A test pile 6 in. in dlsmeter is  to be 
driven. As the lengths ere conadered equal in the sbove 



table, it will only be necessary to flnd the lenqth d t h e  
test pile driven under oertain condltlons. and estimate 
the permanent piles a t  the aame length, Therefore the 
cluestlou resolves itself to finding the value of s, a t  t h e  
test pile, whfoh will indicate how far it wrll have to be 
driven. 

From Mason's formula we have 
F w ' h  

s ---. 
I -  L , ( w + P )  

Supposing F = 6: w = 1,000: h = 80: P = 150: then 

From the table we find 
L, = b o w  EL- 

Sn.mtitutlng the valves given above: 
b = 3: o = 4; W = 3WO: a = l; .al = 0.198. then 

L, = 
3 X 4 X m X 0.198 

1 = 7,024 
a n d  

2 89s 
0, = = 0.41 It.. O r  a b ~ u t  5 ins.; 

tha t  is. wben the test pile is driven untll i t  sinks not more 
than 5 ins. at the last blow i t  will h ~ v e  reached a driven 
length equal to that  of rbe'required pilee undez the given 
conditions. 

4. Required the sectional area of 4 oile which is to nus- 
tain s+Wy a 1083 of 30.000 lbs. A test pfle b w  been drlven 
to I he name depth a s  that  d the reqnired pile: ~ t s  aec- 
tional area ie 0.5, and i t  bas sunk R distance sl during 
the last blow, from which a safe enstalning w w e r  = 80,000 
was eslculated according to Weisbacb'd formula. 

Given: a ,  = 0.25: L, = 2D.000: L = 30.W. 

or about S ins. fn diameter. 



MISCET,TJANEOUS N ~ ~ s .  
Aploug the many other articles besides those re- 

printed in this volume, which have a~penrecl fro:b 
t h e  to time in Engineering Xews, the follolyin$ 
may be noted ns giving iuformation likely to be Par- 
ticularly useful: 

act. 8, 1587, "Pile-Driving by Electricity"; June 
%, 1876, "The Gunpowder Pile-Driver"; July 9, 
1587, "Extracting Piles a t  Poughkeepsie Bridge." 
To extract them (they were very long) they had to 
be driven down first to break the mud contact. The 
first three blows usually did not move them, but 
a t  the fourth blow they sunk about a foot, and 
could then be pulled out. 

July 6, 1889, complete history of the early use of 
water jet for pile-driving. 

June 25,1887-ll'rstrations of the long sp'i:e u e l  
on the Poughkeepsie Bridge to get 130-ft. piles. 
The pileends were made octagonal and faced with 
eight 1 x  5 spruce splices, 20 ft. long, spiked on 
by 4/a x &io. spikes, 1 ft. apart. The piles thus 
spliced could be slung horizontally, as if a single 
stick; 528 of them were used in 55  ft. of water, and 
loaded with 5 tons per pile. See also July 9, 
snme year. 

April 13, 1889-Long spliced piles (113 ft.) a t  
Boston, 1 0 x 1 0  sticks 42 ft. lo:lg, splicecl by 
bnndiug a t  each end, inserting an  iron plate, and 
exteriorly with four pieces of 2 x 10  o ~ k .  

May, 4,1889-Instance of piles 166 ft. long, bui:t 
up of three 60-ft. piles. 

Aug. 16, 189@-Pile-driving and ditching plant 
of Omaha & St. Louis Ry., with details of cost of 
pile-driving. Average cost of pile in place, $5.11; 
3f timber, only $3.60 (24 ft. x 15 cts.). 



AX ECOXOJLICATA SHEET PILE DRIVER. 
By Julinn A. fhl l .  31. Am. Soc. C. E. 

(From Englneerlng News, March 18, 1803.) 
The nccompanying sketch of an economical 

shcrt pile driver is so simple that it explains itself 
nt n glnnce. The machine wns designed especially 
for coffer-clnm work, but it can, of course, be nsed 
to [rut in sheet piling wherever such work is 
necessnry. The method of operntion ia very aim- 
ple. After the piles have been driven as  deep .n* 
possible with a mnul, the machine is used to drive 
them ns dcep ns - may be necessary. I t  is pnrtic 
Inrly ndnpted for use i s  rocky and snndy river bot- 
toms, us it will quickly and cheaply jnm the piles 
upon nnd between smnll boulders, and thus close 
openings that might otherwise cause n great den1 
of ezpcnse, trouble and delny. 

The hnmmer is made of a section of an oak or 
other hnrtlwood tree, squnred or flattened, nnd of 
such size ns may be necessary.. Stout pieces of 
wood are bolted to the aides of the hnmmer, to 
hold it in the ways. Sufficient play should esist 
between the hammer and the ways to keep the 
hammer from jamming, and a like allowance sho~~ld  
be made, for the same reason, between the ways 
and the pieces that hold the hammer between 
them. The machine should be built of sawed 
lumber, and inferior stuff will nnsmer for the 
purpose as  well as  the best heart. The verticals 
mny be made of 4in. x2-in. pieces, but for the 
other pieces lumber of n much less size will do per- 
fectly well. The mncl~ine rests on Gin. xGin. 
square stuff or anything handy about the work. 
and it is suficiently light to be easily moved by two 
or three men with bars. To prevent toppling over 
in moving, it should be anchored bottom and top, 
fore and aft, with snub lines, which are p a y 4  

(144) 



c.ut or hauled in, M may be necessar).. From I Fig. 
1, the rope through the-block passes over B, B, B, 
which are like rungs on a ladder, and oh which men 
stand and pull the hammer up and let it fall. 
From three to six men are neceeeary, according to 
the size of the machine, and one of them keeps 
time in a sing-song tune, thus insuring unanimity of 
action. I n  a short time the men get the hang of 
the motion and lift the hammer with a small .ex- 
penditure of force. Fig. 2 shows a piece of lum- 
ber, the size of a section of the piles to be driven, 

Ftq.1. - 
Sketcn of Economical Sheet Pi'e Driver. 

I with a handle fitted into it. This is used to cause 

! perfect penetration of s~tcli piles as  go deeper than 
those adjacent. This is ttaanlls held by the gang 
boss, who watches thr p~nctration and gires the 

I word when to stop (hiring. 
The principnl points of arlrnntngc in the rtae af 

1 this machine are the cheapness, &cctircness nntl 
rnpidity with which work can I)r done. Tt mn 
be put up quickly and nt rery little Pfpensc, nnd 
when no longer needed the mntcrinl r n n  11e other. 
wise used or abandoned, only the lmlts, rte., being 
aared for the next job. 
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