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�  European technology’s first use in U.S. 
�  Longitudinally Segmented Girder 
�  Roadway over tree tops allows avalanches underneath 
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 M otorists driving west through King 
County, Washington will negotiate the 
picturesque Cascade Mountain Range. 
Interstate I-90 separates into an eastbound 
and westbound divided roadway as we 
travel through the Snoqualmie Pass and 
over Denny Creek. This section of 
roadway was subject to heavy winter snow 
and subsequent avalanches which would 
frequently block the westbound passage 
on this main thoroughfare to the 
Northwest and the population center of 
Seattle.   

The Washington Department of 
Transportation (Wash DOT) was charged 
with resolving this issue and even though 
they had considerable, in-house bridge 
design capability they elected to benefit 
from the Swiss and German experience 
with bridges in the Alps. The German 
experience was chosen and their design 
team evolved into an independent 
consulting firm, DRC Consultants, Inc. A 
close working relationship was developed 
between the Wash DOT, Bridge Engineer, 
Stu Gloyd, P.E. and the Consultant. 
 The solution was soon determined to 
be, raise the westbound roadway above the 
hillside surface and allow the sliding snow 
to pass harmlessly under the ongoing, 
vehicular traffic. This solution also 
entailed a new alignment that would not 
conflict with the existing, westbound 
traffic and herein lies the compounding, 
environmental issue. Only trees, or parts 
of trees, that occupied the actual volume 
of the new bridge would be allowed to be 
removed. The 10’  X 16’ , hollow, cast-in-
place, reinforced concrete piers ranged in  
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�  Span-by-span build solves environmental issue 
�  Three stage construction for lighter erection truss 
�  Erection truss r ides on temporary shoulders 
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height from 35’   to a maximum of 150’  measured from the hillside slope to 
the underside of the roadway superstructure. This extreme elevation was not 
only to allow an avalanche to harmlessly slide under the road, but 
additionally, to allow the overhead, roadway girder to clear the tops of the 
150’  tall pine trees found in the new footprint of the superstructure, between 
the towering piers of this three lane, westbound, elevated roadway (Figure1). 

Further environmental issues included the stipulation that the 
superstructure be built from the tops of the piers to minimize the impact of 
construction upon the ground around the base of the piers. Only a narrow 
access road and a small clearing at the base of each pier was permitted for 
construction of the 19 piers, twelve of which were built on spread footings 
and the other seven on 12’  diameter drilled shafts. The deep foundations 
passed through talus and till before being socked into solid rock lying up to 
80 feet below the hillside surface. The 10’  wide face on the up-hill sides of 
the seven shorter pier shafts (varying in height between 35’  to 55’ ) had pre-
cast, concrete diverters attached to the up-slope sides to cause the sliding 
material to flow around the piers like water being parted by the prow of a 
moving ship. 
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�All 19 of the 10’  X16’ , hollow 
piers were of reinforced, cast-in-place 
concrete with walls that were of a 
constant 2’  thickness. The contract was 
structured in a way that Wash�DOT 
would do the sub-structure design and 
DRC was charged with the super-
structure design. 

The 3,621’ - 9”  long super-structure 
had a width of 53’ -8 3/4”  and was  
located on a curved alignment that had 
a 6% grade carrying Westbound I-90 
down from the Snoqualmie Pass, over 
Denny Creek, and to the valley below. 
The  constant depth of 9’ -0”  was 
dictated by the maximum span of 188’ -
0” , which was repeated 16 times, but 
was also maintained for the additional 
four lesser spans: one span at 158’ -2” , 
one at 166’ -0”  one at 144’ -0”  and one 
at 145’ -7” .The designer used a ratio 
(1/20) to establish the initial depth for 
this continuous, pre-stressed, post-
tensioned concrete box girder based on 
the maximum span but decided to carry 
the 9’ -0”  depth through-out the super 
structure, primarily for aesthetic 
reasons. 

Since it had been decided to keep 
the super-structure construction off the 
mountain slopes the decision was made 
to employ a technique frequently 
employed in Europe called span-by-
span construction. This technique had 
never been used in the USA prior to 
this occasion and in 1979 the Hensel 
Phelps Construction Company was the 
low bid Contractor who built the 
Denny Creek Viaduct for $11.4 
million. 

With span-by-span construction, 
one complete span is cast on a 
moveable support truss positioned 
between two piers and bearing on 
temporary brackets clamped to each 
side of the supporting piers. Once the 
concrete span  pour has hardened 
around its’  encapsulated, reinforcing 
steel cage and the winged tee, single 
cell, trapezoidal, box-girder cross-
section(Figure2)  is pre-stressed, it will 
be able to support itself and its’  design 
loads. The pre-stressing is effected by 
draped, longitudinal, web tendons and 
transverse  slab tendons positioned 
according to an engineered design 
within the reinforcing steel cage of the 
box-girder.  

It is at this stage that hydraulic jacks will lower the 330’  long steel, erection 
truss onto rollers and advance the truss to the next contiguous location where it 
is repositioned and locked for the construction of the next span. This steel truss 
would normally be designed to carry itself and the total cross section of the 
single cell box-girder. 

However, if the cross section were to be separated into three parts and only 
one of these three parts is sequenced to be present on the truss at any one time, 
the largest load to be carried by the erection truss would be only 1/3 that needed 
for the case when a total cross-sectional girder is used (Figure 2). The truss 
structural weight could be reduced with this 2/3 dead load reduction and 
significant savings could be realized in both the purchase price of a lighter 
erection truss, at 540 tons, and the improved maneuverability of the lighter truss 
about the pier tops. 

The contract documents called for a two week construction cycle for each 
span. The first stage of superstructure construction began at the west abutment 
and advanced up the 6% grade toward the crest of the pass. The concrete 
strength specified was F’c= 5000 psi (28 day strength) and was delivered from 
the west side batch plant and pumped to the forms which were maneuvered 
through three geometric configurations (stages 1, 2 and 3) high up on the 
traveling, steel  false-work. Curiously, all the field sample concrete cylinders 
tested out at between F’c= 6100 psi and F’c= 6500 psi for the typical, 220 cubic 
yard maximum pour per stage. This same concrete tested at 3500 psi in three 
days and this figure was the gauge that dictated the stressing cycle for the 
sequencing of stages. 

The winged tee, single cell, trapezoidal box girder (Figure 2) superstructure 
construction was carried forth in three distinct configurations on moveable, steel 
false-work (Figure 3) that supported the steel forms. These forms were covered 
with Styrofoam insulation panels and they were wired to apply heat directly to 
the concrete in order to control the concrete curing time. Moreover, blankets 
were used to minimize heat loss in cold weather. 

Superstructure construction began with steel landing brackets clamped to the 
first two piers (Section AA). The first wing was keyed to the 10’  wide face of 
the first pier then the opposite wing was correspondingly attached to the opposite 
face and both arms were clamped to the pier with post-tensioning cables 
positioned across the top chord of the landing bracket (Figure 4). 

The stage 1 launching truss (Section AA) is located on the landing brackets 
and the steel forms for the walls of the box (Section AA) are positioned for the 
first span pour. With the concrete for the pour reaching an acceptable, initial 
strength the longitudinally draped pre-stressing tendons are post-tensioned and 
the stage 1 channel section becomes self supporting. The stage 1 truss is 
advanced to the second span, meanwhile, the stage 2 forming (Section BB) and 
supports are located on the new channel section (Section BB), of the first span,�
which fully supports all the additional weight of the stage 2 casting operation.   
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Once cast and cured, the inside, top flange (Section BB) of 
the evolving, winged tee, single cell,  trapezoidal box girder 
effects a closed tube and can structurally and mechanically 
accept the stage 3 truss as it rolls forward riding on the new 
deck provided by the top surface of the closure slab ( Section 
CC). This second erection truss is strutted on the closure slab 
and has an overhead, transverse element that reaches down and 
under the forms for the two, out board wings of the total girder 
cross-section (Section CC). 

With the wings cast and cured, transverse post-tensioning 
force is applied which fully engages the total super-structure 
cross section at the stage 3 location. Simultaneously, at spans 2 
and 3 the work force is engaged. Once stages 1 and 2 are 
completed the  stage 3 truss trailing reaction  rides forward on 
the tube girder and the pier 3 bracket is leap frogged ahead, over 
the pier 4 bracket, and reinstalled at pier 5.This is the sequence 
that carried the construction of the Denny Creek Viaduct to a 
successful conclusion. Today, 26 years later, we see that this 
bridge was built to very stringent environmental standards with 
some extraordinary engineering acumen and has served the 
client very well. 

Dr. Ching K.Yu, P.E., Manager of the DRC Consultants Inc. 
Seattle Office, and the Author, traveled to Olympia, Washington 
to receive the 1981 Outstanding Civil Engineering Achievement 
Award from the Tacoma Chapter of the American Society of 
Civil Engineers (ASCE) for DRC Consultant’s design of the 
Denny Creek Viaduct. The presentation was made by  
Stu Gloyd, P.E..             
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   My bridge story takes me to the southern part of the Chesapeake Bay and a major crossing of the York River in 

Historic, Yorktown, Virginia. Tidewater Construction was low bidder with $72.7 million, in 1993, for a contract to widen 
U.S. Route 17 and replace the two-lane, half mile long deck-truss, superstructure on the George P. Coleman Bridge.  The 
Engineer of Record for this design was PBQD Inc., the same firm that did the original design, built in 1952. The 
foundations were in very stiff clay and it was determined that the additional loads from the widening of 2-lanes (31-0” ) to 
4-lanes (77’ -4” ) would be adequately sustained by the existing sub-structure. Tidewater engaged my employer, Frederick 
R. Harris Inc, to do their Construction Engineering. 

    One option was to construct temporary piers adjacent to the existing piers, outside the original bridge’s footprint, 
and slide the old off and float the new in. Since the first bridge’s construction, extensive archeological work had been done 
in the River and major historic discoveries were made regarding the scuttling of General Cornwallis’  fleet at the end of the 
American Revolution in 1781. Consequently, no new work was permitted on the river bottom. 

    Tidewater built the new superstructure off of a floating dock positioned between the two halves, 40 miles south of 
the site, in Norfolk. The six spans are symmetrical about the center joint of the two 494’ -0”  swing spans at the mid-span, 
channel crossing. The Contract included 1217’  of approach spans, which were widened with new foundations, all on shore. 
The Harris responsibility was to develop a method of barging the trusses,  on the 15 hour trip from Norfolk to Yorktown, 
up the widest portion of the Chesapeake Bay.  

    With the size and weights involved (the heaviest truss weighed 4,128 tons) two barges were required for each truss 
and they had to be configured, in tandem, so as not to torque the trusses. Extensive wave motion studies, for the time of 
year of the planned move, were conducted and their affect upon the new trusses being transported were determined.  Stiff 
steel towers were attached to the two barges effecting a catamaran like vehicle 120’  high, with the bridge superstructure. 
The spans were raised and lowered for removal and placement on the new bearings by controlling the barge’s elevation 
when varying the water ballast and consequent draft of the barges.  

    The two barges were oriented perpendicular to the truss and were tugged into a position to straddle the pier for 
movement of the truss forward and into the roadway horizontal alignment where it was lowered into its’  intended, vertical 
alignment. 

    The contractor had agreed to a $4,000 per hour bonus for the work completed ahead of the 24 days allotted to 
replace the superstructure and a penalty of $8,000 per hour for work beyond the 24 day period. Tidewater was awarded a 
$1.4 million Bonus by the Virginia Department of Transportation, the owner, for early completion.  
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