
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


No. F-5 A CASE OF BRIDGE ABUTMENT MOVEMENT
C. L. Nord, Bridge Engineer, Conneotiout State Highway Department
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Looation and Deeoription of the Struoture. In relooating a heavy traveled main highway in one of the 
fiastern States it beoarae neoessary to oross a salt water marsh, running from the sound in a northerly 
direotion for about one mile. A navigable river, about 80 ft. wide and five feet deep at low tide, 
winds its way through the marsh and made the oonstruotion of a bridge neoessary (Picture No. 1). The 
reinforced concrete roadway, thirty feet -wide, is oonstruoted upon a gravel fill eight feet high above 
the elevation of the marsh. (See Drawing No. 1) The abutments of the bridge are of mass oonorete, U 
shaped, and rest upon 90 wood piles with an average diameter of 12 inches driven into the soil from 
ho to 53 ft* by a steam hammer weighing 6600 pounds. (See Drawings No. 2 and 3). The calculated load 
eaoh pile had to oarry was 7^ tons. No preliminary test borings were made to asoertain the geologioal 
conditions of the construction looation.

Initial Stage of the Work, Movement of Abutments And Attempts to Stop Same. The east abutment (a) 
(Drawings No. 3 U) was built at the 6ame time that the gravel fill for the roadway was started and 
when the fill, about 6 feet above the elevation of the marsh, reached the abutment a severe forward or 
westward movement of same was reoorded.

The supervising engineers suspeoting a movement of the soil underlying the marsh, caused by the 
weight and consequent pressure of the gravel fill, had the fill exoavated to the original ground ele
vation and in order to stabilize the abutment, had fifteen wood batter piles driven in front of the toe 
of the abutment. These piles were capped with a grillage of old railroad rails, extending under the 
toe of the abutment (a) upon whioh a ooncrete mat (b) two feet thick rested (Drawings No. 3 and 4) 
(Pioture 2). These batter piles were not supposed to oarry any load, save that of the ooncrete mat, 
but were supposed to take the pressure of the gravel fill against the abutment.

Furthermore, a oonorete mat (0) 3 foot thick between the heel of the wingwalls and the toe of the 
abutment (Drawings 3 I4.) resting upon twenty wood piles, with an average diameter of twelve inches, 
was constructed. The loading of these piles consisted of the conorete mat, the gravel fill and the 
live load and Tías assumed to be 9ia tons per pile.

At the end of the wingwalls another conorete mat twelve ft. In length (d) resting upon I4Í4. wood 
piles, with an average diameter of twelve inohes, was constructed. The load was assumed to be 12 tons 
upon these piles. The mats were supposed to eliminate the pressure of the gravel fill upon the marsh 
in the immediate vicinity of the abutment and thereby prevent a further movement. The west abutment 
(See Drawing No. 3) was constructed similar to the east abutment, except that the batter piles with 
rail grillage (b) in front of the abutment and the ooncrete mat (d) in the rear of the abutment was 
eliminated. When the construction of both abutments vms finished the steel truss bridge (T) (Drawing 
No. 4) was erected, while the oontraotor proceeded with the gravel fill for the roadway of the east 
and west side. When the fill reached the abutments a total movement of 16 inches was recorded although 
the movement of the east abutment was greater than that of the west abutment.

By this time the formerly level surface of the marsh had become wavy (See Drawing No. 5) and it 
was apparent that the lower stratum of the marsh was moving, which movement was undoubtedly due to the 
pressure exerted by the gravel fill of the roadway. The Engineers, in an effort to halt the foreward 
movement of the abutments had the roadway fill removed from the previous constructed oonorete mats 
(c and d) and for a distance from 60 to 100 ft. in back of same, after whioh both abutments took their 
original positions.

It was now deoided by the Engineers to oonstruot a conorete approaoh span 30 ft. long in back of 
the west abutment (f) (Drawings No. 3 4) consisting of a reinforoed ooncrete roadway slab resting 
upon conorete girders which were supported by concrete oolumns. The oonorete oolumn footings, ten 
ft. square and 3 ft. thick, were supported by nine 12 inch diameter wood piles. The dead and live 
loading of these piles were calculated to be 15 ton6. The piles were driven from Uj to 53 ft. When 
the new roadway fill reaohed the before described approaoh spans (f) the abutments (a and e) moved 
towards the center of the river so much that the ends of the steel trusses (T) wedged tightly against 
the parapet walls of the abutments thereby acting as a strut holding both abutments apart. The strain 
exerted by the tilting abutments beoame so great, that the bottom chords of the trusses, which are 
tension members only, had to take such a great compression that they bent slightly upwards.

Again the excavation Of the roadway fill was undertaken and when completed, the abutments moved 
back, thereby freeing the steel trusses whose bottom ohord straightened out again.

Another attempt to halt the movement of the soil underlying the marsh was undertaken. It was 
thought that a heavy rook fill in front of the abutments would oreate enough back pressure to halt the 
soil movement; however, thi6 attempt was soon discarded as it was feared, that the heavy rooks, some 
measuring two and three oubic yards, would injure if not break the batter piles of the abutments.

Result of Borings. The problem of stabilizing the abutments was now turned over to the writer, who 
proceeded to have eight borings taken to gain, if possible, information oonoerning the kind of material 
underlying the marsh and where rock could be found. The location of the borings is marked on Drawing 
No. iu The geologioal condition found is shown on Drawings 3 4 and oan be desoribed as follows*

The Bedrock, a formation of fairly hard mioaschist, sloping at an tingle of 15 degrees from the 
west to the east and at an angle of about 35 degrees from north to south being almost level under the 
west abutment. The various strata of sand and blue clay followed the slopes of the rock. The rook 
was oovered with a layer of hard sand and gravel from two to thirty ft. in thiokness, followed by a 
layer of blue day, which in turn was covered by a layer of gravely sand 3 ft. deep and again by blue
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Picture No. 1
(Jeneral view"of Bridge and Approaches 

Pioture No. 2
Batter Piles and Rail Grillage under the Toe 
of Abutment -a- 
Picture No. 3
Preparing for Concrete Counterforts at Haunohes 

of Steel Arches 
Pioture No. 4
Finished Counterforts 

Picture No. 5
Piles at !Panel Points of Steel Arches
Pioture No, 6
liifting of Approaoh Span

Picture No. 7
Tranaferrir Slab onto Steel Columns
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olay. The material underlying the marsh was 
blaok and of organic origin mixed with mioa 
and very fine sand and when wet had an angle 
of repose of about four or five degrees. It 
must be stated, that no samples of this mater
ial to a depth of fifteen ft, could be taken 
as it was so saturated with water and of such 
nature that it would not adhere to the split 
drill pipe or sample taker. No analysis of 
the sand or blue clay was made beoause at the 
time of the construction 1916 modern methods 
of soil analysis were not yet known. It only 
can be stated, that the sand was a fine sharp 
sand containing about 0.3 percent mioa, while 
the blue clay contained no mica or sand. The 
percentage of mioa is approximate and was es
tablished by washing samples.

Considering the geological conditions 
and the materials found, as described before, 
the writer concluded that the piles support
ing the abutments and mats aoted like pend
ulum columns, fixed on one end and free to 
move on the other end. The lower end of the 
piles held in plaoe by the sand and olay, 
while the upper end, upon which the abutments 
and mats rested, were surrounded by the mud 
which had no lateral stability. The gravel 
fill exerted by its weight a pressure upon 
the mud which moved in all directions press
ing forward as well as sideways wa6 not de
trimental to the structure; however, the for
ward movement in the opinion of the writer 
was the cause of the movement of the piles 
supporting the abutments and mats whioh was, 
in his opinion, accelerated by the slopes of 
the rock and the overlying strata. (Drawing 
No. h).

Stabilization Work. In order to stabilize 
the abutments the writer believed it essen
tial to equalize the pressure from the west 
side by means of a strut between the abut
ments with that from the east side.

The river is a navigable stream under 
the jurisdiction of the War Department and 
in order not to decrease the depth of the 
channel the struts were designed as steel 
arch trusses (t) (Drawings No. 4 and 6).
The skew baoks of the trusses were the toes 
of the abutments (a) and (e) reinforced by 
oounterforts (Pictures 3 ^  4). The steel 
arch trusses (t) were tied together at the 
third points by struts -S- (Drawing Ho. 5)«
At each of the 15 panel points the trusses 
were supported by a 12" diameter wood pile 
driven to rook and radial to the center 
points of the arches. (Drawing No. 6)
(Picture 5)• They had not only the function 
to carry the steel arch trusses, but also to 
take up any pressure exerted by them in the 
case that the pressure became so great, that 
it would deflect the steel arohes. The steel 
arches as well as the struts received for 
protection against the ohemioal reaction of 
the water two coats of hot asphaltum and 
were then mantled with waterproof concrete.
The sunken approach span (f. on Drawing 3) 
was raised to the original grade and the 
load transferred to steel columns and gird-
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ers (Picture 6 and 7).
As a further measure of safety, a ooncrete approach span 23 ft. long (g on Drawing No. I*) was 

constructed on both sides.
The gravel fill for the roadway was then completed on both sides and instead of a oonorete road

way, a waterbound maoadam roadway was constructed. The struoture is now in service for a deoade and 
no further movement could be detected during that time.

Conclusion. The faot that the bridge stood up under the heavy truck traffic for more than ten years 
without further movement seems to indicate that the writer successfully equalized the pressure exert
ed by the roadway fill upon the marsh. However, he does not maintain that he, with his method, arrest
ed the soil movement. Sinoe the soil is still moving, although sidewise only - this assertion oan be 
proved by the settlement of the roadway fill to the east and west of the bridge. From time to time 
the maoadam roadway leading up to the bridge from both sides must be brought up to grade with the 
ooncrete roadway slab of the approaches.

No. F-6 A CASE OF SETTLEMENT OF A BRIDGE PIER
D. P. Krynine, Research Associate in Soil Meohanics, Yale University 
and C. L. Nord, Bridge Engineer, Connecticut State Highway Department

1. Looatlon of the Structure« The bridge in question is looated in a city on the Atlantio shore in 
southern New England, It spans a river olose to the point where the latter flows into the sea and is 
within the zone of tidal influenoe,

2. Geological Conditions and Subsoil Exploration. Prior to the construction of the bridge, about 
1918, wash borings were made, (twelve holes, marked 1-12 in the plan. Fig. 1). Bed rook was discover
ed at depths fifty to eighty feet below the oity datum and the deposit, aocording to boring data, 
consists of a layer of blaok mud, intermixed with sand and rip rap and followed by fine and medium 
sand interlayered with gravel, (Fig. 2). A tentative geological profile is shown in Fig, 1, Seotion 
A-A. There are no samples of soil extracted at these preliminary borings. Additional subsoil ex
ploration was made in April 1935» (four holes marked 2n, 5n, 6n, and 7n in Fig. 1-, also Fig. 3).
These also were wash borings and the finer material probably was washed out. Results of the mechan- 
ioal analysis of two samples of sand extraoted, are given in Fig. 4. This material oontains about 
six per oent of mioa by dry weight.

During the preparation of this paper (March 1936), dry samples were being extraoted but their 
analysis was not yet available.

3. Description of the Structure. The bridge is a double load bascule span 96 ft. oenter to oenter 
of trunnionsj there are approach spans of about 68 ft. on each side. The original plans indicate that 
each of the four basoule piers, 2N, 2S, 3N, 3§ rest on thirty wood piles. It is believed that the 
actual diameter of these piles is 12 to lU in., and not 18 in., as shown on the plans. A participant 
in the construction states that these piles were delivered to the work in thirty-five foot lengths and 
were out off ten feet before driving, so that their actual length is about twenty-five feet. Accord
ing to computations made, the loads carried by the thirty piles supporting each pier amount to
1,630,000 lbs. or about twenty-seven tons per pile. A schematic sketoh of a pier is given in Fig. 5. 
Eaoh pair of piers (2N and 2S, 3N and 3^» Fig. 1) supporting the leaf span, are tied together by a 
reinforced concrete tie beam, (T, Fig. 5) and are partly faced with granite masonry.

U» Actual State of the Struoture, The following was discovered in an inspection of the struoture 
in Ootober 1933» T*19 southwest pier of the bridge (2S, Fig. 1) had settled at the south 6ide about 
two feet and had moved in a southerly direotion perhaps three inches. The heavy reinforced concrete 
tie beam (T, Fig, 5) was found split from top to bottom with every horizontal reinforcing bar torn, so 
that a wide crack appeared. Cracks in the granite masonry facing this pier were also found. The 
southwest trunnion oolumn was badly twisted. Tie and cover plates of that column were torn in two and 
a main floor beam so badly twisted that it was impossible to lower the west leaf, which was found lean
ing about fifteen inohes toward the south. It was recommended to the city to disassemble the west leaf 
and to remove a part of the floor and the counterweight. Consequently some other parts were also re
moved.

5. Trend of the Settlement. In Figs. 7 and 8, the time settlement ourves are represented. Shortly 
after the bridge was open to traffio, a slight settlement was noted about the bascule; and the City 
Engineer established bench marks connected with adjaoent factory buildings, (sorews and spikes). The 
west abutment settled in. in the first five years of the existenoe of the bridge but afterwards beoame 
stable. To study the inter-relationship of the settlements of the piers supporting the lifting span, 
the movement of three points on top of each of them was followed; points (a) and (o) are in the north
ern and southern part of each pier, respectively, and point (b) at the oenter line of the girders 
(Fig. 6).


