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Some Lessons Learned in Building Long Concrete Bridge

Pile Foundations—Proportioning and Handling Concrete—Slump Tests—Erecting
Steel Ribs for 264-Ft. Span—Arch Deflection Tests

BY JOHN F. GREENE

Resident Engineer, Toltz, King & Dayv, Inc., Engineers and Architects,

St. Paul,

crete arch bridge over the Mississippi River at

St. Paul, Minn., presented a number of special
features. The design of this bridge was described in
Engineering News-Record of Oct. 21, p. 732. Among
the construction features involved were: The removal of
a H-ft. stone sewer; the diversion of the sewage to clear
the foundations of the bridge, and the construction of a
new reinforced-concrete sewer; the removal of the old
steel bridge, containing approximately 2,200 tons of
steel; the removal of the old stone piers, including the
pile foundations; the construction of cofferdams for
seven pier foundations; the driving of 3,700 permanent
wood piles from 40 to 54 ft. in length; the driving of
R00 cast-in-place concrete piles; and the placing of
50,000 cu.yd. of concrete, 1,100 tons of reinforcing steel
and 1,000 tons of structural steel. Two of the five-rib
112-ft. arch spans are shown in Fig. 1, while Fig. 2
shows one of the structural steel ribs for the 244-ft.
arch.

CONSTRUCTIOI\' work on the new Robert St. con-

Removal of Old Bridge Piers—Because three of the
piers of the new bridge were so located as to conflict
with piers of the old bridge, it was necessary to remove
the latter completely. This condition involved enlarging
the cofferdams to enclose both the old and the new foun-
dations; the removal by blasting of the masonry of the
old piers; the removal of a pad consisting of three
layers of 8-in. timbers resting on piles spaced 36 in.
¢c. to ¢, and the pulling of the piles. These piles,
entered on the construction records of the old bridge
as from 24 to 30 ft. long, actually ran from 7 to 20 ft.
in length, with an average of less than 15 ft. The 8-in,
timbers, placed in 1885, were in good condition and
were used for arch falsework.

The cofferdams for the piers, approximately 100 x 50
ft., were constructed of 35-ft. steel sheetpiling driven
through sand with a double-acting steam hammer to a
penetration of not less than 12 ft. below the bottom of
the finished excavation. This piledriving was carried
out in accordance with a well conceived plan which gave
excellent results. All the sheetpiles were set in place
and driven only a few feet before making the closure.
T'hey were then driven in stages of approximately 5 ft.,
the hammer swinging in light leads from a derrick boom.
T'he piles were carefully plumbed at regular intervals.
Obstructions encountered in driving, which included
piles and timbers of the cofferdams for the piers of the
old bridge, were removed after pumps had been installed
and the water lowered. Before the installation of the
pumps, the excavation was carried on with a 1-yd.
clamshell bucket. The bracing for the cofferdams was
‘ramed and packed in tiers at the water surface and was
allowed to settle as the water was pumped out. It con-
sisted of 10-ft. bays with four tiers of 12 x 12-in.
timbers.

Piledriving—Piles for piers 3 and 4, at the ends of
the main span, were 54 ft. long; those for the remain-

Minn,

ing piers were 40 ft. long. They were of Norway pine,
fresh cut, and inspected in the woods of northern Minne-
sota at the time of cutting. Driving the 54-ft. piles
through sand was a difficult operation which involved
considerable skill in the use of a high-pressure jet In
order to secure the alignment of piles 30 in. ¢. to ¢,
without interference. They were driven with a stearn
hammer having a 5,000-1b. ram and a stroke of 36 in.
In those piers in which the piles were not driven to rock,
a penetration of 1 in. in ten blows was adopted as a
stopping goal, giving a bearing of 150,000 lb. per pile
according to the Engineering News formula.

The pine piles were peculiarly suitable for such driv-
ing because of their shape. A Norway pine grows with
a very slight taper from tip to butt; many of the piles
54 ft. long were 10 in. at the tip and only 14 in. at the
butt. Cypress and cedar piles with a heavy swell from
tip to butt were driven to a full stop at 25 f{t., even
with the jet. .After trying to drive such piles in the
first pier, the results were so unsatisfactory as to war-
rant the exclusive use of Norway piles.

Approximately 800 concrete cast-in-place piles were
used in the foundations for eight concrete bents and
for a high concrete retaining wall on the east side of
the south approach. While the plans called for 30-ft.
piles, the average penetration did not exceed 24 ft.
The type of pile used, having a heavy taper like that of
a cedar pile, appeared to bring up very quickly when
driven in sand. A steam hammer was used for driving
the steel core; frequently it was necessary to drive the
steel core more than 3 ft. at a penetration of 1 In. In
ten blows in order to get a 20-ft. pile. A core with a
larger tip and a smaller butt would have been more
satisfactory.

Construction Plant—The main concrete plant, con-
taining a 1-vd. mixer, was located on the south bank of
the river, under the deck of the old steel bridge. Sand
and gravel were delivered in bottom-dump cars over a
trestle which passed under the south arch. These ma-
terials were dumped into the boot of an elevator which
raised and dumped it on a belt conveyor for delivery
to the bins. Cement was hauled in over the deck of the
old bridge in trucks, and was dumped into a chute which
ran through the material bins to the measuring hopper.

Concrete was conveyed from the mixer in four-car
trains of 1-yd. side-dump cars drawn by a gasoline loco-
motive over a timber trestle east of and parallel to the
center line of the bridge. A “marine tower” with a
hoist on a deck 15 ft. above the track, ran along this
trestle. The concrete for the superstructure was dumped
into a hopper at the foot of the tower and elevated to
the level of the deck, thence to be conveyed to place by
buggies. Concrete for the pier substructures was
dumped into a 2-yd. bottom-dump bucket handled by a
derrick. Concrete for columns and pier walls was placed
through chutes composed of 8-in. pipes in 3-ft. lengths
fastened together by chains.
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Conerete Proportions—The specifications called for six
bags of cement per vard of concrete; crushed trap rock
for the substructure; crushed limestone for the super-
structure; 1} minutes per batch in the mixer, and a
tentative 1:2:4 mix. Preliminary tests were made to
determine the effect of over-sanding. It was found that
over-sanding to the extent of 1 of cement to 2.6 of sand
to 3.4 of crushed rock resulted In an average com-
pressive strength at 28 davs of 3,800 lb. per square
inch. Hence, over-sanding was permitted when neces-
sary. For consistency, a slump of 2 1n. was specified
for mass work and 3 in. for the remainder.

[t was the intent of both the engineers and the con-
tractor to obtain the strongest possible concrete for the
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illustration. Run a 7-in. slab on a grade of 3 per cont
with a 2-in. slump and a water content of less than {3
gal. of water per sack, measured at the mixer. 7Tl
resulting concrete, after straight-edging and workine
will be soupy.

It is the judgment of the writer that samples for te-t.
ing should be taken only in the hole and from the wt.
test concrete in the hole, not from the mixer or from
buggies. This is the only way to allow for the resylts
of an accumulation of a slight excess of water from
each batch or the accumulation from an occasional
sloppy batch which has passed the mixer man and
which the inspector has hesitated to waste.

Any specification which allows the contractor to use

FIG. 1—TWO FIVE-RIBE ARCHES: 112 FT. CLEAR SPAN
Traveling concreting tower on trestle at right.

specified cement content, regardless of the specified
slump. The unwritten law which prevailed on the job
from the beginning was: “Make the concrete as dry as
you can, consistent with workability.” The average
slump for 30,000 vd. of concrete placed in the substruc-
ture did not exceed !} in. The average compressive
strength at 28 dayvs, for cylinders taken daily, exceeded
3,700 Ib. and many of the cylinders broke at more than
5,000 1b. per square inch.

Work of this class calls for a conscientious effort on
the part of the contracting organization and the most
careful supervision on the part of the inspection staff,
but the results are worthy of the effort and speak for
themselves. The work has been done so well that pier
after pier stands, after the removal of forms, without
patches or rock pockets.

Water Content of Conerete—It may be appropriate to
consider a phenomenon with which many construction
men are familiar. Assume a column or a wall, large
enough for a man to work in. Place concrete in this
wall of a consistency to give a 1-in. slump at the mixer
or as sampled out of a buggy. Run 7 ft. in depth of
this concrete in three hours with men spreading the
concrete, At the end of the run there will be loose
water on the top of the concrete and the material tested
in the hole may show a slump of 4 in. Take another

an excessive amount of water, provided that the water
ratio as measured at the mixer remains constant; is
overlooking this constant accumulation of the excess
from each batch, which may result at the end of the
day’s run in a soupy segregated stratified mass with
few of the qualities of the materials as tested at the
mixer. To put it into job phraseology: the concrete
should be bought “f.o.b. the hole,” not at the mixer, the
dumping hopper or in the buggy.

Proper concrete inspection involves complete super-
vision of every yard of concrete placed, by a man
trained to know when the consistency is right for the
proper compacting of the concrete, who will see that
the concrete is properly worked to form a dense mass,
and is spaded to give smooth surfaces free from rock
pockets. This man, with the job slogan in mind, “dry
it up whenever you can,” may vary the consistency
many times in a day. When running the main arch
ribs, enclosing heavy structural steel members, con-
sistencies were varied frequently. And since the in-
spector in the hole is naturally inclined to take a little
more water than he needs, in order to reduce the labor
of spading, it is incumbent upon the inspector at the
mixer to keep the men in the hole asking for more
water. There should be a constant pressure at all times
to keep the consistency close to the limit of workability,
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 the aim is to get the greatest value for money
aended.

"1 rough-Arch Main Span—The structural steel ribs
, led in the through arch of 244-ft. clear span to
«.nsfer the floor load from the 90-in. steel floorbeams
¢y the concrete ribs, were fabricated with the ends of
the chord members milled to give full bearing at each
+int. When the steel had been erected, it was found
that many of the joints did not have full bearing, the
openings varying from 1/100 to & in. It was decided to
full rivet all joints, holes being drilled in the field, and
plates and rivets added to develop the chord sections.
One of these ribs is shown in place in Fig. 2.

The forms for the concrete ribs were suspended from
the structural steel. Each rib was divided into ten
soctions and three keys, one key at the crown and one
near each third point. This is shown by the drawings
in the previous article already noted. It was required
that an interval long enough to develop 1,000 lb. per

o 1l
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FIG. 2—STEEL RIB ERECTED FOR 264-FT. CONCRETE ARCH

sq.in. in compression should elapse between successive
days of concreting, in order to lessen the probability of
destroying the bond between the concrete and the
structural steel. The average compressive strength of
the cylinders at four days was 1,660 lb. and the maxi-
mum at five days was 2,216 Ib. The keys were concreted
six days after the last section had been poured.

Arch Deflections—An excellent opportunity offered to
measure vertical movements of the main arch resulting
from: (1) Rib shortening under load, (2) rib shorten-
ing due to setting of the concrete, and (3) changes due
to rise and fall of temperature. The first reading was
taken upon the completion of the riveting of the struc-
tural steel March 8, with the temperature of the air at
14 deg. F., and thereafter at intervals of a week until
the final reading July 10.

Computations for deflection were based upon the
tollowing formulas:

Sh="7 AL+ iadl

h

1 Al = Deflection due to rib shortening from tem-

perature.
Al = Deflection due to temperature moments.

e — — e e

i» = Influence ordinate for crown thrust for a unit
load at the crown.
h =— rise at intrados.

b =— clear span.

On May 18, just after the keys had been conereted,
when the steel ribs were carrying the full load, with no
deflection due to the setting of the concrete, the follow-
Ing conditions prevailed:

7

Ueryperature change from 14 deg. to 66 deg........... 452
Computed rise due to temperature. .........c0covvenn. +0.091
Computed deflection duetoload. .................... —{).033
Computed net rise. .. D e R e ok X s 40 058
Measured rise; average of twonbs ... ... ........... +-0.061

On July 10, upon completion, and two months after
the keys had been concreted, conditions were as follows:

lemperature change from 14 deg. to 70 deg. ..... +56 deg.
('umputt'd rise due to CCIMPEratulre.. . c cccc ¢ o« ¢« o +0.098
Computed deflection duetoload................. —0.047
T N A N SR T (Rl T e +0.051
S . = & O e s B R it et +0.023
Net settlement during two months............... —0.028

Computed deflections were based upon an assumed
modulus of elasticity of 4,000,000 for the concrete. This
assumption was based upon curves shown on page 39,
Bulletin No. 5 of the Lewis Institute, for concrete with a
compressive strength of 4,000 Ib. It is interesting to
compare these measured deflections with those found by
Considére and Freyssinet for long-span concrete ribs
constructed with semi-hinges. Assuming a compressive
stress of 350 Ib. per square inch:

Per Cent

(1) Shortening due to load—per unit of length 0. 00009 13.6
(2) Shortening due to 40 deg. drop in temp.. .. 0.00028 42.5
(3) Shortening due to setting of concrete at

three months (Considere). . ... 0.00029 43.9

| —— e R —

lotals | ... 0.00066 100 .0

The shortening due to the setting of the concrete at
60 days, on the Robert St. bridge, concreted in the man-
ner already described, and with a structural steel frame
carrying the load during the setting of the concrete,
was 0.00009, approximately one-third that found by
Considére for concrete ribs constructed with false-
work centering in the ordinary manner. The unit
shortening to compare with Considére’s finding, assum-
Ing the compressive stress at 350 lb., was as follows:

Per Cent

(1) Shortening due to load .. 0.00009 19 6
(2) Shortening due to 40 deg. drop in temp... 0.00028 60 . 8
(3) Shortening due to setting at 60 days = 0.00009 19.6
Totals | _ e ees 0.00046 100.0

Assuming the modulus of elasticity at 2,500,000, the
tabulation would be as follows:

Robert St. Bridge @~ — Considére - —

Per Cent Per Cent
(1) Shortening:load..... 0.00014 27 4 0.00014 19.7
(2) Shortening: 40 deg... 0. 000258 5.0 0.00028 39.4
I B . 5 5k 000009 17.6 000029 40.9
Totals. ... ....... 0.00051 1000 0.00071 100 0

Apparently the structural steel frame and the method
employed in concreting the arch ribs contributed to a
marked reduction in the amount of the settlement of

the arch after the completion of concreting.

Concrete Railing—The parapet or hand rail was con-
structed by the dry process to give the surface a texture
free from air and water holes. Blocks approximately
24 in. square and 7 in. thick, of a somewhat intricate
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design, were prepared in aluminum molds. With two
sets of molds, a crew made forty blocks in nine hours.

This railing was constructed as follows: Forms for
a somewhat massive post were erected containing two
galvanized inserts to receive the railing on both sides.
In concreting a post, a light steel form, 12 in. deep and
4 in. smaller than the post, was placed inside of the
outer wooden forms, a shell of dry mixed concrete was
pounded in, the core was filled with ordinary wet con-
crete and the steel form was raised a foot. One man
would complete six posts in a day.

In the next operation, the running of the base, the
men chose to complete the section with the dry mix,
scoop out the core and refill with normal wet concrete.
The intermediate precast panels were set by stone
masons with 1-in. joints, grouted and pointed. The
top section of the rail was prepared in the same manner
as the base. At both ends of each bay a i-in. strip of
elastite was inserted between the post and the panei to
allow for expansion.

The success of the drv-process method of making an
ornamental rail involves the application of water to the
finished rail many times each day for a period of two

Vol. 97. No. o1
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weeks. While compressive tests of the dry concrete
at 28 days showed only 1,300 lb. per sq.in. tests w.y
made to ascertain whether cleavage planes would re- )t
between the dry and the wet portions. Sections of
rail were removed and it was found that there w.
no cleavage planes and that the combination wa.

structural unit. The completed handrail, just a- i
emerged from the forms, with no patching, rubbing or
grinding, is of a texture which compares very favorahly
with sandstone. Models for the twelve medallion:
which crown the outer faces of the piers were prepared
by the Brioschi-Minuti Co., St. Paul.

Plans and specifications for the Robert St. bridye
were prepared by Toltz, King & Day, Inc., St. Paul
Minn., who also supervised the construction: Max Toliz
mechanical engineer; W. E. King, structural engineer:
B. W. Day, architect; Roy Childs Jones, architectural
design; P. E. Stevens, office engineer; W. A. Thomas.
electrical engineer; and John F. Greene in charge of
arch design and resident engineer. The bridge was
built by the Fegles Construction Co., Ltd., Minneapolis,
Minn., with James Patterson as superintendent and
(Charles Moore as assistant superintendent.

Reinforcing a Steel Viaduct: Northern Pacific Ry.

Towers Strengthened by Additional Steel on Columns and Bracing—New Girder Spans—Precast
Concrete Slabs for Ballasted Track—Methods of Handling Work Under Traffic

O PROVIDE for the heavier locomotives and

higher speeds of trains now operated on the main

line of the Northern Pacific Ry., extensive rein-
forcement has been applied to the Granite Gulch viaduct
near Granite, Idaho, and about 50 miles east of Spokane,
Wash. During recent vears, the heavier types of passen-
ger and freight engines have been prohibited from cross-
ing this viaduct, while all engines operating over it have
been restricted to a slow speed. The reinforcement
eliminates speed restrictions and permits the operation
of the heavy engines used on adjacent parts of the line.
The decision to reinforce this structure was based on
the economy, as determined by estimated costs, over any
other method of eliminating the restrictions as to en-
gines and speeds. Comparative costs also determined

the method of reinforcement, which was shown to be

more economical than any other methods considered.
A view of part of the completed structure is given in
Fig. 1.

Original Structure—The Granite Gulch viaduct is a
single-track structure, 1,169 ft. long, with a maximum
height of 110 ft. from base of rail to surface of water.
[t is on a tangent and on a grade varying from level to
(.38 per cent. There are two girder spans of 31 ft. out
to out, on each approach; twelve tower girder spans of
31 ft. and eleven fish-belly girder spans of 61 ft. be-
tween the towers. These twelve towers range from 35
ft. 9 in. to 98 ft. 9 in. in height. The approach girder
spans are supported on granite masonry abutments,
rocker bents and the end tower bents. These two rocker
bents are 22 ft. and 28 ft. in height. Fig. 2 shows
the general design.

The viaduct, as built in 1893 in connection with a
change of line, was designed for a loading of two 116-
ton, consolidation 2:8:0 engines, followed by a train
load of 3,000 Ib. per foot, equivalent to Cooper’s E-33
loading. This was the standard for the railway com-

pany’s bridge design from 1891 to 1897. All metal in
the original viaduct 18 wrought iron, except that the
rivets are of rivet steel.

Masonry—Pedestal piers of granite masonry, support-
ing the tower columns, are built on solid rock, except
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FIG. 1—GRANITE GULCH VIADUCT: NORTHERN
PACIFIC RY.

Note reinforced columns and bracing. New rocker bent at left.
Concrete glab deck.

that the piers for two towers in the lake are on piles
8 to 63 ft. in length, driven through mud to solid rock.
Piers founded on rock and on piling average 12 and
16 ft. in height, respectively. Most of these pier
foundations were of sufficient size to provide for the
additional bearing area of the bases of column rein-
forcement. For the three towers at each end, however,
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