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FOUNDATION BOLTS 

It is often difficult to locate bolts in concrete with sufficient exactness for 
setting a machine. To obviate this difficulty, the head of the bolt should 
be provided with a large washer* to give a good bearing surface, the bolt 
placed in its approximate position, \vith washer down, and an iron pipe or 
a light wooden box placed around the bolt resting upon the washer. When 
the machine is set, to pre,·ent the bolt from rusting, the iron tube or box 
should be filled ,vith mortar. In any case the tube or box should be filled 
with sand before the machine is poured up with sulphur or cement grout, 
in order to keep these materials from running down the bolt holes. 

CONCRETE PILES 

Concrete piles may be employed in place of wood where the loading is 
excessive, and where the durability of timber piles is questioned either 
because of probable worm action or the rotting of the timber. If the bearing 
is frictional and the piles are driven through ground which is continually 
wet, there is usually no advantage in concrete over timber piles unless in 
certain instances where the low level of the ground water or the tide water 
is so far beneath the structure that the concrete piles permit the commence
ment of the foundation at a considerably higher level and thus save excava-

tion and material. 
Concrete piles are formed ( 1) in place, or ( 2) are molded above ground 

and driven with a pile driver. 
Various methods haYe been suggested for forming the hole into which 

the concrete is to be placed. One of the patentcd processes consists in 
driving a double shell of metal into the ground, removing the inner one, 
and leaving the outer to form a mold for the concrete. The two shells 
and pile driver are shown in Fig. 207, page 652. The inner shell or pile 
core which is of heavy sheet steel and constructed so that it can be made 
to c~llapse for removal from the ground, is placed within the other thinner 
shell, and driven like an ordinary pile. The core is then collapsed and 
withdrawn, leaving the outer shell, which is closed at the bottom, to be 
filled with concrete. By providing considerable taper, additional support 

is obtained from the s0il. 

* The washers, which are used for transmitting the pressure oí large bolts to th~ concrete or other 
foundatioos, should be carefully designed with h~avy ribs so as to transm1t a umíorm pressure per 
square ioch ol arca. :-;'either wrought nor cast ,ron plates should be used for washers undrr large 

holts. 
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Another system, illustrated in Fig. 
2o6, consists in dri,·ing a single shcll 
with either a concrete or a steel 
point, then slowly withdrawing it, 
and filling the space which it occu
pied with concrete whose surface is 
kept far enough abO\·e the Iower 
end of the tube lo maintain thP. 
head necessary to resist the pressure 
of the ground. 

In still another method, which is 
especially adapted for underpinning, 
the tube is washed clown with a 
water jet to firm strata, and the 
bottom of the excarntion is enlargcd 
by an expanding arrangement to 
form a base, as shown in Fig. 208. 

Piles made in situ mav be rcm-
forced if desired. · 

Cast Piles. Reinforccd piles 
which are formed above ground are 
designed like columns with vertical 
reinforcement connected at inter
,·als with horizontal wire rods. 

OROUNO 

The pile* used in a foundation 
for tbe Boston Woven Hose & Rub
ber Company, Cambridge, ~fass., 
is illustrated in Fig. 209. These 
piles averaged about 30 feet long. 
The bammer weighed 4 700 pounds 
and the blows were cushioned by a 
head consisting of a plate iron collar 
16 inchcs squarc on the inside and 3 
fcet in height, which incased :m oak 
block 16 by 16 by 18 inches, to the 
bottom of which six thickncsses of ""~~f!~·~ 
rope ar.<l four layers of rubber belt
ing wcre nailed. The piles were 

POINT 

* :.º.' full description of piles and dri,~ng 
~ee Cast Reinforced Concrete Piles," hy 
Sanford E. Thompson and Benjamín Fnx, 
Journal Asrnciation oí Eng,·neering Socict,e•, FrG. 206. - Concrete Piles. (S e p 6 ) , e • 51, 
Vol. XLll, 1909. 
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Fw. 2o¡,-Cores for Concrete Piics. (See p.6;o.) 
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driven at the age oí thirty to forty days. The usual drop was 3 fect, 
but in sorne cases this wa.~ increased to 10 feet without injuring the pile. 

The designs drawn up in 1903 for the Pennsylvania Railioad Tunnel* 
under the Hudson River call for a shell oí cast iron surrounded by con
crete and supported at intervals by stecl screw piles filled with concrete. 

Sheet Piling. Poling boards oí concrete 
were employed by 1Ir. Howar<l A. Carson, 

oRouNo Chief Engineer in the construction oí the 
approaches to the East Boston Tunnel. 
These are describedt as follows: 

FH, 208. - Concrete Pile with 
Enlargcd Footing. (See p. 
65 1.) 

The excavation was through gravel and 
clay, and through sand containing sorne 
water. Trenches 16 feet long and 16 feet 
apart were dug to about the leve] of the 
bottom of the building foundation. Below 
the fow1dation one-half of eacñ trench, or 
8 feet in length, was carried down to grade. 
The bank below the foundation was held 
in place by means of concrete slabs used 
as sheet piling, as illustrated in Fig. 210. 

These slabs were from 6 to 8 feet long, 
6 inches wide, and 2 inches thick, and each 
was reinforced with six square steel rods 
running the entire length of the slab and 
shown in Fig. 21 r. If wooden sheeting 
had been used, it would ha,·e been neccs
sary either to have concreted directly 

against it and left it in place, or to hare pulled the planks as the con
crete was filled in. If the first method had been used, the planks would 
in time have become rotten, leaving a vacant -space. If the planks had 
been pulled, there would have been danger that sorne of the earth under 
the building would run and a settlement of the building follow. In 
order to guard against any slight voids which might have bcen left in 
driving, grout was poured in behind the sheeting. This sheeting sen·ed 
rot only to hold the bank in place, but was used, in place of a back 
wall, to waterproof against. The sheeting was not disturbed, and the 
wall of the Tunnel was built directly against it. 

*Enginming News, Oct. 15, 1904, p. 331. 
tNinth Annual Report, Boston Transit Commission, p. 41. 
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BRIDGE PIERS 
Concrete is employed for bridge piers either 

is fi.liing for ashlar or cut masonry or for the 
entire pier. In the latter case, in whic_h t~e 
face is abo of concrete, the chief quest1on is 
as to its ability to withstand the wear of t~e 
water, the ice, and floating debris. ~lr. "t\fartm 
\lurphy* stated as early as 1893 t~at concr~te 
was gcnerally adopted in Nova Scot1a, a_n<l \~'.~h 
successful results, for abutments an<l p1ers m 
the mo5t cxpo5e<l positions, in the mi<lst of 
strong currents, without any externa! pro
tection where exposed to hea\")' ice floes, to , . . 
blow:; from timber rafts, and, m many mstances, 
to undermining by scour." In Nova Scotia it 
is the common practise to construct the bocly 
of the pier of rubble concrete with a 6 to 9-in_ch 
facing of richer concrete. In answer_ to m
quiries, ~Ir.11urphywrote the_ auth?rs m 1?04: 
"The concrete piers erected m this Provmce 
for the last eighteen or twenty years have with
~tood the action of the weather, and fulfilled 
ali that was claimed for them in my paper, 
read before the International Congress in 1893. 
The erection of such piers and abutments is 
now in almost universal application in Cana<la." 

In the Kansas City flood of 1903, the piers 
of solid concrete, although located where they 
were struck by ali the heavy debris which 
totallv destroyed many of the stone masonry 
structures of the same size, remained practi
cally uninjured. 

In 1900 a Committee of the Association of 
Railway Superintendcnts of Bridges and Build
ingst made the following inquiry: "For what 
classes of structures do you use Portland ce-

*Bridge Substructurc and Foundations in Nova Scotia, 
Transactions American Society of Civil Enginccrs, Vol. 
XXIX, p. 620. 

FIG. 2oq.-Piles uscd at 
Cambndge, )lass. (Sce 

p. 651.) 
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ment concrete?" Out of thirty-three replies recei,·e<l, sc,·enteen were in 
favor of employing this material for both the foundation and neat work oí 
bridges, piers, and abutments. 

Plastering of concrete piers and abutments should be prohibited. lf a 
morlar surface is required, an exccllent facing, to be placed next to the 
form as the concrete is laid, is a mixture of one part cement to 2½ parts 
hard broken stone screenings ½ inch in size and under. Ordinarily, how
ever, no surface finish is required unless superficial treatment is given for 
the sake of appearance. (See p. 288.) 

Fm. 210.- -Concrete ShcN Piling in .-\pproachcs to East Iloston Tunnd. (See p. 
ó53,) 

Pier Design. ~Iost railroads are substituting concrete for ashlar 
masonry in bridge piers. 

The standard pier of the N. Y. Central R. R., adapted to any height up 
to 40 feet, is shown in Fig. 212, page 657.* The width, which depends 
upon the length of span, is as follows: 

*Arrangcd from original drawmg, for whicb tbc autbors are indcbtcd to !\fr. \\"ilgus. 
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Spans up to 40 feet width, A, = 4 ft. o in. 
Spans 40 to 60 feet width, A, = 4 ft. 6 in. 
Spans 60 to 80 feet width, A, = 5 ft. o in. 
Spans 80 to roo feet width, A, = 5 ft. 6 in. 
Spans roo to 125 feet width, A,= 6 ft. o in. 
Spans r 2 5 to r 50 feet width, A, = 6 ft. 6 in. 
Spans 150 to 200 feet width, A, = 7 ft. o in. 
Spans 200 to 2 50 feet width, A, = 7 ft. 6 in. 
For skew crossings, increase width, A, if necessary. 

Foundation is varied to suit local conditions. Concrete 1: 3: 6 is em
ployed for it unless stone masonry is cheaper. The starkweather is carried 

2 feet above high water, and its cap is of 1: 1: 2 concrete. 
The coping of the pier is reinforced with galvanized wire net
ting or wire cloth, a somewhat unusual requirement. 

The Illinois Central R. R., in their 1904 design, reinforce 
the surface of piers with vertical and horizontal steel rods, and 
imbed a single 1-beam in the pointed nose at each end of the 

pier.* 
The Chicago, Milwaukee & St. Paul Railway Company takes 

the extra precaution to strengthen the noses or starlings oí its 
concrete piers only at points where there is considerable ice and 
driftwood.t They build a 7-inch street car rail into the nose of 
the pier, with the head projecting slightly from the concrete. 
Other roads also show no reinforcement in their standard de

sign. 
It would appear that reinforcement is probably unnecessary 

except in situations where the piers are subjected to unusual 

impact. 
Ali of the roads named above have piers in streams which 

subject thern to considerable wear from ice and drift, and the 

concrete has proved satisfactory. 

FOUNDATIONS UNDER WATER 

The best and most durable concrete foundations, especially 

HORIZONTA'... 
SECTION 

ELEVATION 

FIG.2II,
Sheet Pil
ing. (See 
p. 653,) 

in work in sea water, are laid within cofferdams from which the water 
has been pumped, or in pneumatic caissons. However, because of the 

*From drawing kindly furnished by H. W. Parkhurst, Engineer. 

tAutbority of C. F. Loweth, Engineer. 

. . 
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difficulty and expense of these methods, they cannot usually be followed. If 
the bottom is prepared by dredging, and, if necessary, driving piles, good 
practise permits the use of a single line of sheeting, suitably supported with 
rangers, to prevent the wash of the water and keep the concrete from 
spreading.* Permanent metal cylinders are sometimes sunk in place of 
the sheeting. 

Methods of laying concrete under water are described in Chapter XV, 
page 301, and the effect of sea water upon concrete is discussed by Mr. 
R. Feret in Chapter XVI. 
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~1a.2r2,--Standard Concrete Bridge Pier,N. Y. C. & H.R. R. R., W. J. Wilgus, 
Chief En3rneer. (See p.6 55,) 

*See Foundations for New Camhridge Bridge, Boston, by Sanford E. Tbompson, Enginuring 
News, Oct. 17, 1901, p. :i81• 
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For under-water work, a larger factor of safety should be employed than 
for work above ground, the concrete should be slightly richer in carefully 
selected cement, and the aggregate so proportioned as to give a dense and 
impervious mixture. 

Concrete for the foundations of walls and piers for high office buildings 
is usually laid in oblong or circular caissons of steel or wood,* after exca
\'ating under air pressure. Steel pipes are sometimes sunk with the aid of 
1he water jet, and afterwards filled with concrete.t 

*Enginterin.~ :Vews, Sept. 26, 1901, p. 222. 

tJule, Breu.:haud, Transactions American Socicty of Civil Engincers, Vol. XXXVII, p. 31. 
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CH.\PTER XXVI 

DAMS ANO RET AINING W ALLS 

For walls to resist the pressure of earth or water, concrete frequently 
possesses marked advantages over other classcs of masonry. \Vith propcr 
managcment, in most localities its cost may be brought below that of rubble 
masonry. Its adaptability for thin walls and for certain classes of face 
work often make it a suitable substitutc in complicated designs for f1rst
clas,; masonry, ,,ith a consequcnt largc saYing in cost. In combination 
with steel its possibilities for special designs are almost unlimited, and the 
future will see marvelous ad,·ances in its use for ordinary cnginec1ing ancl 
hydraulic construction. 

\\'ater-tightness, often an essential element for this class of structures, has 
reccivcd general treatmcnt in Chapter XIX, page 338. Portland ccme,nt 
concrete may be made water-tightmore readily than stone m;!sonry laid in 
rnortar of similar proportions to the cement and sand in the concrete, since 
largc rnids or stone pockets in the concrete are more easily prevented than 
th:! "rat-holes '' so frequently found in the bedding of stoncs in mortar. 
::\Iorcm·er, skill in laying combined with special treatment of the surfarc or 
the addition of certain ingredients permits construction in concrete
strengthened with steel reinforcement-of thinner ,,·alis for resisting the 
11 ,,r of water than is possible in stonc masonry. 

Rcinforced concrete rctaining walls cannot be designed by" rule of thum h," 
ami therefore a careful consideration of the forces acting and of the stresses 
in the concrete is presented in this chapter. Since the earth pressure is the 
controlling factor, it has been necessary to introduce a practica! discussion 
of this before taking up the details of the design and examples of the two 
principal types 

RETAINING WALLS 

Retaining ,,·alis to support the pressure of earth may be designed: 
(r) of gravity scction with plain concrete or stone masonry; 
(2) of thin reinforced concrete section of the invcrted T type with 

spreading base or footing; 
(3) of thin section, reinforced and supported by buttresses or counter

forts. 
Anothcr plan sometimes adapted to cellar wall rnnstrurtion (see p. 619) 

consists in embcclding the base and supporting the top of the wall with tim-


