Fig. 1. Derricks shift girders to support on piers built by encasing H-piles in form then filling with aggregate and grout.

New Deep Piers Save Old Bridge

Norman S. Bateman

Chief Engineer, C. A. Pitts General Contractor, Ltd.
Toronto, Ont.

Contents in Brief—Replacing a substructure on spread footings was ac-

complished by driving H piles and pipe

piles to good strata and extending

them to near bridge-seat elevation by splicing after driving under the
existing superstructure. Piles were encased with concrete made by filling
sheetpile cofferdams below ground and conventional forms above ground
with dry stone aggregate and adding grout forced in under pressure. For

one pier, the section above ground was

encased ahead of the lower section

ond load transferred to it before the excavating below an old footing.
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Fig. 2. The superstructure of the old bridge is utilized almost completely in the new structure without the expense of o

temporary crossing or delay to traffic.

trathc. Independent pairs of girders
supported each line of the track.

The bridge was on a long tangent
at the tail-race crossing. and it was

not desirable. from an operating
standpoint, to introduce curves into
the lines as would be necessary if a
new bridge were built. Also. due to
serious shortage of steel, as well as
its high cost. 1 desirable to

utilize the existing structure to the

Was

greatest extent |m—-;-i|1|1'.
Masonry piers of the old substruc-

306"

ture rest on spread footings. which
have settled some over the vears. so
that it was desirable to carry new
supports to deeply underlving rock,
or at least to virtual refusal of the
driven piles. Utilizing the existing
structure required placing Pier 2
(Fig. 2) in the old channel where
water had a velocity of 10 ft. per sec..
which would be further increased by
cofferdam. The new
Pier 3 would be immediatelv adja-
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Fig. 3. Details of piers 2 and 3. Encasement was made by filling with dry stone

and forcing in grout under pressure.

4 (Vol. p. 114)

Removal of the old supports was done after the load was shifted to the new piers.

lht‘ t‘\iﬁlillg :-illplmrl:-i fu!' one of
tower llt’lll:-. \.illratiulh f!‘ill!i 11 uent
passage of heavy trains added o
foundation construction dithculties
as did the fact that old ma~on
from earlier culvert and bridge <tru
tures at the site left debris difficul
(0 penelrate.

Pile piers encased in concrete

The design for the bridge. pre
pared by C. P. Disnev. then enginee
of hrid;:es. (entral Rt';.l'inll. tor Cang
dian National Railwavs, was made !
overcome these dithculties. Long ste
piles that extended from hardpan t
near the bridge seat were planned
for the support. By driving the pile:
in short lengths and welding piece
on as required. the new substructur
built up under the existin
bridge. After driving. the piles wer
encased in concrete made by packin:
around them with dry stone and the:
forcing in grout to complete th
piers.

Was

Since these were essentiallv pilf
piers, merely encased in concrete.
they could be made slender all th
wav to the bottom. thus reducing sub-
stantially the weight that is carried
bv the piles. The concrete also serves
as structural stiffening for the piles
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Fig. 4. A cofferdam in swift water was built around a struc- Fig. 5. The structural frame around which the sheet piles were

tural frame supported from the existing bridge. Long sheet- driven also served to hold guides for positioning H-piles. Piles
piles were started through the interlocks of the short pieces. were later extended upward to 6 ft. below the bridge seat.

eliminating the usual heavy bracing. driven to refusal with their tops ex- the pier site was cleared of all solid

[he principal piers are of two ma- tended upward to within 6 ft. of the debris that could be picked up with

or designs, and methods of construe-  bridge seat.
ILHH are Flllhliillliﬂ“} lliﬂit‘rl'llt le" It \t'i“ llf‘ Il“t!'i] th.'..l[ llii'r ._) TOEes

ol }1 Hf lht‘m. (:nllr-ll”llt'linll nf d Con- lli'f‘pl} l.p]““ [}-“. i'.\ii-lill;_[ f““m““““
ventional support at Pier 2 would so that special methods of construc- Cofferdam in swift water

an orange-peel bucket handled by a
crane,

have required a large water-tight cof-  tion were necessary in the very swifl
ferdam, braced and pumped-out to a  water. Of first importance was pre-
epth of 30 ft., or more, then piles vention of any possible subsidence of
driven for support. The design de- the channel-side foundations of the
vised by Mr. Disney contemplated old bridge. Such movement was fore- overcome. A two-ring steel template
driving shallow-arched interlocking stalled by driving bearing piles to  for the
sheetpiles along the neat lines of the firm ground and then installing a
finished pier to wéll below the bot-  grillage under the tower legs. Fig. 1.
tom of the new channel; it required Next, a line of sheetpiles was driven
that the cofferdam be excavated, but  along the channel line and tied back  guides for the H-piles driven for bear-
not pumped out, and steel H-piles to the bank. The underwater area at ing. Outside the template frame. short

Iillilllilt;.i o l‘ll”ki'l'qlillll I] fl. hit]t'
by 12 ft. 6 in. long in water having a

ers.

\’t'lfll ll\ H[ Y !Il}?h. ]il‘t‘:-i‘llli'll % |ll'nll*

i
|

lem that required unique methods to

cofferdam was framed on
shore. It was rigidly braced to pro-

vide a firm guide for the sheetpiles,
while cross bracing inside served as

pieces of steel sheetpiling were fas-
tened to serve as guides for the first
lone ‘Ilt't'lllill'—-_ which would be

1 i]li\r'll iluull LO }lnlil I}H* lt'rllpl;llt‘.
dlld T he l'\i-litl;.’. lrli«l;_'r superstructure
e | wdas d hi!lill'illll't' 1O lllt* 1'nli-ll'!ll'lifrrl.
J(8 but since 1t was there 1t was utilized
n eflectivelv 1n building the cofterdam.
n To the assembled template. cables
]*i‘ were fil‘-lt‘lll‘ll lhill hnlllil -hi!i'..' illt‘
3 frame under the bridge at about the
'1*I17 tll]l nf lht' water, \ crane }ril'l\t*rl llp
ing the template and set it into position,
we - T ~——— - ' letting 1t hang under the bridge from
KIng — | y : | . * the cables. Horizontal cables. with a
the | " ind, =, .' T g turnbuckle in each for adjustment,
1}‘.* - | : | were H‘-t‘fl Lo [m--itiutl lhi‘ lf'rll}rl;itr'.

| The two-ring frame was supported
[':l" on the vertical cables slightly above
rete. = e i the water line until a sufhicient num-
I [}1* - lwr uf lnnf_: '-ht'i‘l}lil*"- were *il‘i\t‘!l 1O
sub support it against the rush of the
rried current. The frame was then lowered
'f;‘ Fig. 6. Pier 3 was constructed immediately adjacent to existing footings by 1o Ils permanent position with the top
PR driving H-piles to bearing materials and extending them upward to near the bridge ring slightly below the water line, and
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Fig. 8. Piers 1 and 4 rest on pipe piles filled with concrete and, from near the

ground line, are encased in concrete.

,"-Illliiill‘l II'.’III“f*'l'I'l‘ll [IHIII ”H' \i'l'lii“ill

cables to the driven sheeting. Fig. o.
Sheetpiles were driven to a depth
Hf W) “. fll”lllu*ll ll\ excavation in-
‘-ilil‘ llll' t‘n”t'l'ti;illl o a 4]1‘}:”] u[ :-_1 ﬁ.
bucket used
[nu'k:'t:-'- left be-

tween the cross brad ill;.: of the frames.

\n lll'dll_:_'t‘-ln*t‘l W das

through dredging
\ steel grid that formed an exact
the H-beam
piles was attached to the horizontal

l"“lll'lllll‘ fill' l”'ill'i“:
rings of the frame. and through this
the

lengths as oreal as 1t was ]iI';l:'lir:ll

llf';ll'illz_' |Iilt‘- were lll'i\l‘ll N
to handle under the existing bridee.
lhey were spliced as required by
reinforced butt welds to extend them
upward to 6 ft. below the bridge
seatl.

\ frame of 3x3xZ-in. angles at 9-ft.
spacing was used above the water line
to space the H-piles. The heavy brac-
ing of the usual H-pile piers, which
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requires exact alignment and position
of each pile, was made unnecessary
bv the concrete encasement.

The cofferdam. serving as a form,
was filled with carefully graded stone
acgregate by dumping from a clam-
shell bucket and allowing the mate-
rial to settle through the water. Care
was taken to hll around and between
the ln';lrill;_'. pi]t'r-i.

Grout was made with 4} bags of
portland cement and one bag of a
special admixture. made up of finely
divided siliceous material and an in-
trusion agent designed to disperse the
cement p;.irtirlt‘:-:. increase flowability
and reduce shrinkage. Mixed with
7 cu.ft. of fine sand and 24 gal. of
water. this was furt‘t‘tl into the stone
through } in. dia. pipe, placed to the
full depth ahead of filling with stone.
Pipes were placed at 5 ft. centers

longitudinally with one row on the
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centerline and a row at 1 ft .
side 1n the 11 {t. 6-1n. wide
were pulled up as hlling p

A more satisfactory m.
placing grout was found i
of old 2-in. pipe slotted at 2 |
the
above. A l-in. hose carried
to the full depth of the
was [lll”t'll up 4as the ogrout |

and set on pattern

!

pier, a much easier operat
lifting the § in. pipe agains
of the stone.

Above the cofferdam. con
forms were used to encase |
and this. too. was hlled with
stone. vibrated while bein:
Grouting above the ground w
through vertical

5

lhl‘nll;_'h :; ill. |Iipt‘ ill l|lt' _-iti*

llipi‘-- ali A1)

forms. Grout was dischareed -
18 in. from the form face. Fig. 7.
the fiel
Pier built up—then down ——
Pipr 3 nf lht‘ new r-ll]l-llllf (1) made-in

sented an vulirt*l_\ different Pr

since it is located only a few ¥ ks
frulll lllt' masonry ]it‘llt"-l;ll*- O] o “
of the old structure. The bas o ki
new pier extends about 40 f{t. | B
the base of lllt" old tower suppaort. f'\lr;i\;.ll.
the H-beam piles of the new pie) Duri

tinue some 30 ft. below that. [ R

H-piles were driven through a zuic Fiiof

frame that also served as a te

_ sround
for a ring of steel sheet }'i]""‘ (Arivel ow that
to 40-ft. ilt‘pl]l. It was not practica Jender
to excavate this cofferdam. a- erstruc
done at Pier 2. while the load was I \s S
:"-llll}lul‘ll‘il on the old towers. Yet. plete th
was necessary to develop a load bear crushed

ing pier and shift the superstructur
to it before the existing support was

nect wit

)

Spons
Lity of
ng subu
and the
ment, th
recently |
t the ne

disturbed.

The steel H-pile supports providec
the answer. The piles were extend:
to near the bridge seat elevation an
above the ground line. were encas
in concrete made by packing th
with stone and forcing in grout. 1!
carried on a tmm

concrete was

arillage at the ground line formm:
spread footing some 2 ft. larger t
the pier, and on this the forn
built.

After the superstructure was <hfte
the existing towers and shallo
the
!‘lﬂlit‘l] to thl‘ lillt":-“- :-‘-hnhll On )
The sheetpiling around the |
burned off to plan elevation.
that level excavation inside t!
dam was done manually to tl

tals were removed and
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Fig. 7. Only light bracing, welded on in
the field, was required to hold the piles
properly spaced while being encased with
made-in-place concrete.

of the concrete section of the pier.
<ome 10 ft. below water level. .‘;pnil
was lifted out 1n small buckets. Brac-
ng was progressively installed as the
excavation proceeded.

During this period the pier pre-
«ented a very unusual appearance. as
shown in Fig. 10. Above the existing
sround line it 1s a finished pier. Be-
ow that level its appearance is that of
dlender supports for an oversize su-
perstructure.
as excavation com-
plete the cofferdam was filled with
crushed stone. A form was set to con-
nect with the upper part of the pit'r
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New Surveying

f':‘}urllﬁ-'-nl'f‘(] and :-'-llllpnl'tf‘il l'\ the
Lity of Cleveland. several surround-
ng suburbs, the county of Cuyahoga,
and the Ohio State Hichway Depart-
nent, the Cleveland Geodetic Survey

recently :.ltluplml :-ipm'iﬁt'uliulw for use
1t the new Cleveland Geodetic Survey
Lontrol by plane surveying methods.
this cuide will enable city. county.
slate and liri\'ﬂli‘ ]Il‘gll‘lii‘ill;.'. SUrvevors
L 10 make full use of the new system.
In contrast to accuracies of 1 in
.000 which have been used in the
| Pasl. the new specifications call for
ccuracres of 1 1n 15.000 for control
of strects and roads, and 1 in 10.000

rol of property lines. These
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Fig. 9. Graded stone was placed in the
pier encasement form by clamshell
bucket and grout intruded to complete
the pier.

and. after this was hlled with rock.
orout was forced in. Forcing grout
in under pressure assured full bear-
ing under the existing concrete. but
lhi:‘- 1S not lit‘pt‘lllit'll upon fnl‘ load
carrying ability as the piles carry the
weizht of the structure directly into
the ground.

For piers | and 4, along the slope.
pipe piles were driven to good bear-
ings. and filled with the prepacked
tvpe of concrete. The pipe piles ex-
tend to near the bridge seat and are
encased, above the ground line, in the
prepacked type of concrete jacket
used for piers 2 and 3.

accuracies are based upon some 25
miles of test made h}' 5 A
Bauer. civil engineer and survevor of

runs

Cleveland. over a period of vears.
uilh Ili!-'- ﬁt‘lll CTews, Tht' lesls ill{“-
that

readily obtained with the usual in-

cate ll’]i‘!-i' accuracies can }It‘
strumentation of the pruft'r-r-ainn.

I'he new specifications follow the
standards of accuracy recommended
in the “Technical Standards for Prop-
ertv Surveys adopted in 1946 by the
American Congress on Surveving and
high
order or precision. they were planned
to extend the value of the work of

the ;_"t'mlt‘lir survevor to the benefit of

Mapping.

”t‘i!l;_" nf H‘Iilli\'f‘l}
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Fig. 10. Excavation below the ground

line after the upper section was com-
pleted temporarily exposed the bearing
piles of Pier 3, while under full load.

The bridge was built under super-

\.i*-inll H[ I{QHT_\ Stevens, l't‘?-illt'lll
engineer. and K. Huffman. engineer
of construction. of the Canadian \a-
tional Railways.

substructure
was done by C. A, Pitts General Con
tractor Ltd. of Toronto for whom M.
I \“.-*-i;lt*ll

tion superintendent and k.

‘:HIIFH'IH'“HII ll[ lhi'

was general construc-
A. Mis-
siaen job superintendent. S, (.
Cooper was feld engineer for the
contractor. Ht‘\illllllill;ﬁ of lht‘ super-
structure and transfer from the old
piers to the new was done by the

Hamiliton Bridge Co.., Hamilton, Ont.

Specifications Adopted at Cleveland

the end user the property owner
uilhnlll Ilulii't';.ilr]t‘ Ilrl‘ilk. lhi\ ill-un
permit the continued use of time-hon-
ored methods and procedures of the
property surveving practitioner.
The specifications are not manda-
torv at the time. but 1t 1s
hnpt‘!l Ihall lht"_\ ui“ SO01 ln'l‘nmt* suth-
ciently well established that they will

be required in all survevs that re-

[rl‘l'*-t'lll

Iluin- oftheial ;1||prm.'£l|.

Copies of the new specifications
lel;!im*il fl‘nlll I'I‘Hf. (.
Brooks krnest of the Case Institute of
Technology and consulting director

may be

of the Cleveland Regional Geodetic
Survey.
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