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FEATURES OF DESIGN AFFECTING CONSTRUCTION 

INTRODUCTION 

Design and construction are normally integrally tied together. 
This is particularly true of a highway or similar facility 
constructed in a very restricted area such as Glenwood Canyon. 
Limited work and storage areas, restrictions on equipment size, 
maintenance of traffic and protection of environmental re-
sources force the designer to study in detail various methods 
of construction. Design options being considered which would 
affect construction procedures in Glenwood Canyon include: 

Terraced roadways 

Cantilevered structures 

Elevated (bridge) structures 

Tied back retaining walls. 

Use of these special techniques or construction features may 
reduce the construction impacts of a Canyon highway. 

TERRACED ROADWAYS 

Given the steep side slopes which occur throughout the Canyon, 
terracing the eastbound and westbound lanes of a divided 
highway could reduce the height and scale of retaining struc-
tures. Terracing would allow the use of two low retaining 
walls instead of one which is much higher and more difficult to 
construct. Figures 1 and 2 illustrate this difference at a 
representative section through the Canyon. 



Unterraced Roadway with High Retaining Wall 
Figure 1 

Required Roadway Platform Width 

Retaining Wall 

Required Roadway Platform Width 
Low Retaining 

Wall 

Terraced Roadway with Two Low Retaining Walls 
Figure 2 



CANTILEVERED STRUCTURES 

An improved Canyon roadway could require extensive lengths of 
moderately high retaining walls if constructed in a conven-
tional manner. The use of cantilevers, however, would reduce 
the height of these retaining walls. Figure 3 illustrates a 
cantilevered roadway in conjunction with a retaining wall and 
shows the reduction in height obtained over the retaining wall 
illustrated in Figure 1. 

The application of the cantilever would have the further 
advantage of allowing the retaining wall foundation to be moved 
closer to the top of the riverbank where it is more accessible 
for construction. This arrangement would also result in more 
space between the retaining wall and the river's edge. The 
relationship between the length of cantilever and the height of 
wall could vary widely to allow for the best solution at any 
specific location in the Canyon. Cantilevered structures could 
also be used independently with no wall at all. Stability in 
such cases could be provided by continuous footings and counter-
balancing or rock anchors. Figure 4 illustrates the use of a 
cantilevered structure without a retaining wall. 



Cantilevered Roadway with Low Retaining Wall 
Figure 3 

Cantilevered Roadway with No Retaining Wall 
Figure 4 
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ELEVATED (BRIDGE) STRUCTURES 

The cantilever structure described in the previous section 
could leave usable areas below the roadway platform. An 
elevated structure or bridge spanning between columns, however, 
would be more effective in achieving this objective. Column 
locations for elevated structures could be selected to minimize 
potential impacts since major impacts to the area below the 
structure need only occur at column and footing locations. 
Bridges could be located in more diverse areas and, therefore, 
allow additional alignment options. 

Above Shoshone Dam, it is feasible, from a construction stand-
point, to build an elevated structure over the river. Figure 5 
illustrates a bridge structure which could extend over the 
river yet be constructed on the riverbank with no river encroach-
ment. 

Figure 6 illustrates a bridge structure over the river with its 
columns in the river which maintains the existing riverbank and 
its vegetation. 

Bridge structures could also be used on the Canyon wall side of 
the existing roadway. The application of elevated structures 
could allow for the overlapping of eastbound and westbound 
lanes in narrow sections of the Canyon or the freeing-up of the 
existing roadway platform for other uses. Figures 7 and 8 
illustrate these concepts. 



Elevated (Bridge) Structure with Columns on Riverbank 
Figure 5 

Elevated (Bridge) Structure with Columns in River 
Figure 6 
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Elevated (Bridge) Structure Overlapping Roadway on Platform 
Figure 7 

Elevated (Bridge) Structure Freeing-up Existing Roadway Platform 
Figure 8 
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TIED BACK RETAINING WALLS 

Conventional retaining walls obtain their stability and keep 
from overturning because of the large footing which usually 
supports them and backfill behind the wall. When such a wall 
is constructed on a side slope, there is considerable diffi-
culty in excavating material and maintaining slope stability in 
order for the footing to be cast. Figure 9 illustrates the 
application of conventional retaining wall construction. 

In such applications, it is the backfill placed on the back of 
the footing which prevents the wall from tipping over. The 
size of the footing could be reduced by utilizing a system of 
tie-backs which would be either rock or earth anchors. 
Figure 10 illustrates this design technique and its construc-
tion advantages. 

There are many types of retaining walls which would be applic-
able within the Canyon. These will be discussed in greater 
detail in later sections of this Paper. Most of them can be 
used in conjunction with tie-backs, which would reduce con-
struction impacts. 



Conventional Retaining Wall Construction 
Figure 9 

Tied Back Retaining Wall Construction 
Figure 10 
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CONSTRUCTION ON THE CANYON FLOOR 

INTRODUCTION 

This section deals with construction techniques applicable to 
building an improved roadway on the Canyon floor. Alternative 
alignments could include construction on the riverbank, on 
talus slopes or in the river, in addition to on the existing 
roadway platform. 

RIVERBANK CONSTRUCTION 

Retaining Walls 

Widening the existing roadway towards the river would, in many 
areas of the Canyon, require additional fill or embankment on 
the riverside. These embankments would need to be retained, 
with retaining structures in order to avoid fill encroachment 
into the river. Many types of retaining structures could be 
utilized. Those which could have applicability to site con-
ditions in the Canyon are discussed here. 

As noted earlier most types cantilevers could be used in 
conjunction with riverbank retaining walls. Cantilevers, 
however, would have limited value unless the construction of 
the wall utilizes tie-backs. A wall which is not tied back 
would require a very large footing which would reduce the 
construction advantage gained by using the cantilever. 

Roadway cantilevers should be precast concrete unless they are 
small (approximately five feet or less in width), in which case 
they could be cast-in-place. A precast cantilever would 



eliminate the need for falsework and forms being placed over 
the steeply sloped riverbank. 

C a n t i l e v e r e d R e t a i n i n g W a l l s 

Standard reinforced concrete retaining walls of cantilevered 
design require the construction of a wide footing with some 
portion of the footing in front of the wall as illustrated in 
Figure 11. 

One of the first construction steps would be to gain access to 
the area of the wall foundation. Depending on the slope of the 
bank and the available shoulder width, access could be from the 
river or from the existing roadway platform. Most likely 
access would be from existing platform, which, in many areas of 
the Canyon, would require the elimination of the existing 
outside shoulder and the reduction of usable roadway. 

A work area would then be created at the level of the top of 
the wall footing by benching the embankment. The work platform 
should be at least 12 to 15 feet wide in order to allow the 
movement of excavating and hauling equipment. The remaining 
roadway (used for traffic movement during construction) would 
be supported by temporary retaining walls or a combination of 
retaining walls and benches. 

Depending on the material on which the wall is to be constructed, 
the foundation would consist of either drilled cast-in-place 
concrete piles, pre-bored steel H-piles or concrete spread 
footings. If bored piles are recommended, this work can be 
accomplished by means of a pile boring machine similar to the 
Benoto EDF 55 or the Tone BWN. 



Figure 11 

Cast-in-Place Cantilever Retaining Wall 

Cast-in-place concrete retaining wall Backfill 

Temporary retaining structure for roadway embankment 

Working Platform 



Once the foundation and footing have been constructed, the wall 
itself would be built using standard methods of cast-in-place 
construction. After construction of the wall, backfill would 
be placed behind the wall and construction of the new roadway 
surface would be carried out. 

Because of the size of the footing and the work area required 
with this type of design, the total bench width requirements 
would be much greater than for a precast wall with tie-backs 
or a pile-wall. In addition to the work area, some areas close 
to the construction would be necessary for storage of rein-
forcing bars, formwork and minor equipment, and temporary 
storage of excavation materials. 

The cast-in-place cantilever retaining wall is applicable to 
areas within the Canyon where the terrain is relatively level, 
the height of material to be retained is low and there is 
unrestricted work space. 

P r e c a s t W a l l s w i t h T i e - B a c k s 

Another type of wall suitable for construction on the riverbank 
is one built of precast concrete elements with tie-backs 
consisting of earth or rock anchors and tension rods. Any 
system of tie-backs would reduce or eliminate the overturning 
forces at the base of the wall and, therefore, a smaller 
footing could be constructed. 

The face of the wall could be one continuous vertical surface 
or may be stepped, providing terraces for planting along the 
length of the wall. A stepped wall would require more width, 
but would allow for incremental construction up the sloped 



riverbank. Figure 12 illustrates a typical layout for construc-
tion of a vertical-faced, precast wall. Figure 13 illustrates 
a stepped wall with a series of potential planting pockets. 

Construction of most precast walls along the riverbank would 
require a working platform at a level close to the top of the 
footing to facilitate excavation and the hauling of materials. 
Erection crews would operate from this platform for the place-
ment of the precast panels on the cast-in-place footings. 
Since the width requirements for this type of wall would be 
less than for a conventional cantilever retaining wall, the 
total excavation of the existing embankment would also be less. 
Another advantage would be that the location of the footing 
could be raised, thereby reducing the height of the wall. 

In addition to the normal complement of construction equipment 
including: trucks, excavators, tractor shovels, loaders, 
backhoes, and concrete mixers; a crane would be required for 
the erection of the precast wall. In the unlikely event that 
pile or caisson foundations would be called for, pile driving 
or drilling machines would also be needed. 

The width of the work area should be at least 15 feet to 
facilitate the movement of the erection crane. Storage area 
requirements would be less than with the construction of cast-
in-place walls. Storage of materials would be necessary only 
for the construction of the footings. The transportation of 
the precast panels should be coordinated with erection to 
minimize on-site storage requirements. It is estimated that a 
five-man crew could install approximately 80 lineal feet of 20 
foot high wall per day (including alignment and grouting). The 
precast panels could be stored at the casting yard or in main 
storage yards outside the Canyon until required on-site. 



Figure 12 

Precast Concrete Retaining Wall with Tie-Backs 

Precast concrete retaining wall 
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Figure 13 

Stepped Retaining Wall Using Precast Units 

Precast concrete wall units 

Benches f o r Planting 



Depending on wall heights and difficulty of excavation, it is 
estimated that this type of wall could be built at a rate of 
300 to 600 lineal feet per month. This is approximately a 20 
to 50 percent reduction in time over the construction time 
needed for a conventional cast-in-place wall. 

Disruption to the normal traffic flow would occur, especially 
during the initial stages of construction when access ramps 
and a work area are being constructed and footings are being 
excavated. It is expected that in the majority of the areas 
where retaining walls are feasible, it would be possible to 
maintain a 2 2-foot, two-lane roadway during construction of 
the walls. 

Major advantages of precast, tie-back walls would be: 

Less construction time. 

Adaptability to different architectural treatments. 

Less construction and storage area requirements. 

C r i b W a l l s 

A type of wall that may have some limited application for 
construction on the riverbank is the crib wall made up of 
reinforced precast concrete or metal elements. Concrete crib 
walls are generally more economical than standard cast-in-
place cantilever walls for heights in excess of 20 feet. 

The construction of a concrete crib wall would consist of the 
placement of the interlocking precast reinforced concrete 



elements. These elements, called "headers" and "stretchers", 
are specially designed to interlock as they are stacked to 
form the crib wall. Selected granular fill material would be 
placed and compacted inside the crib area formed by the pre-
cast elements as illustrated in Figure 14. The combination of 
the crib formed by the concrete elements and the weight of the 
fill material create a composite gravity retaining wall. 
Concrete crib walls have been built for heights as great as 50 
feet. Metal crib walls, on the other hand, are generally 
limited to 25 or 30 feet in height. 

One of the problems associated with the construction of a crib 
wall, especially for the widening of an existing embankment, 
would be the space required for construction of the base of 
the wall. The width required at the base would be approxi-
mately one-half the height of the wall, and additional space 
would be necessary for the operation of the construction 
equipment. 

Disruption to the normal traffic flow would occur during all 
stages of construction. Removal of the major part of the 
existing outside shoulder would be required. 

Major advantages of crib walls would be: 

Lower unit cost, particularly when height is over 20 
feet. 

Less construction time than required for a canti-
lever, cast-in-place wall. 

Adaptability to stepped or terraced construction. 



Figure 14 

Precast Concrete Crib Retaining Wall 

Backfill 

Working Platform 



Major disadvantages would be: 

Requires wide base, therefore, removal of a wider 
portion of the existing riverbank. 

Requires temporary retaining embankment structure 
during construction of the crib wall. 

Concrete crib walls are not very economical for 
heights less than 15 feet. 

B o r e d - i n P i l e s w i t h L a g g i n g 

This type of construction would consist of embedding precast 
concrete piles or "vertical-beam" elements in pre-bored 
holes. These piles would be spaced at 8 to 12 feet on-center 
and horizontal precast concrete panels would be placed between 
them. These panels could be straight or arched as illustrated 
below. 

Precast pile element 

This type of retaining wall construction is illustrated in 
Figure 15. Arched panels would require less material but 
would be more difficult to cast and to transport. For high 
walls, the precast pile elements should be tied back. A 



Figure 15 

Retaining Wall of Bored-in Piles with Lagging 

down to rock 

Work Platform 



similar wall could be built using H-Piles of weathering steel 
(instead of precast piles) with timber lagging placed between 
them. Tie-backs could also be provided to reduce the size of 
the steel piles. 

Special drilling equipment would be used to excavate for the 
encasement of the piles. One machine that has been utilized 
extensively in Europe is the Benoto rig. This machine con-
sists primarily of a rigid, double-wall steel casing, a hammer 
grab (similar to a clam shell bucket) and hydraulic devices 
for operating the rig. The lower end of the steel casing has 
a removable cutting edge with hardened steel teeth. The 
casing is connected to the rig by a set of hydraulic jacks 
that push the tube into the ground, while another set of jacks 
imparts a reciprocating, partial rotation to it. The hammer 
grab is a specially designed digging tool, which is repeatedly 
dropped into the bore hole and when hoisted brings the spoil 
to the surface. Benoto heavy duty machines can install caissons 
up to 80-inch diameters and to depths of 300 feet. With this 
rig, boring through boulders and weathered or sound rock could 
be accomplished above or below the water table. 

Into the pre-bored holes precast concrete piles or steel H-
piles would be placed with either partial or full embedment, 
depending on the design requirements and the space around the 
pile filled with concrete. The installation of these piles 
should be performed under close control to assure correct 
alignment and spacing. 

After a sufficient number of piles have been embedded,the 
precast panel units would be installed between piles and the 
joints grouted. Backfill would then be placed and compacted 



up to the first level of tie-backs. The tie-backs would be 
installed and tensioned and backfilling operations resumed. 

Work and storage area requirements for this type of wall would 
be similar to those for a precast wall with tie-backs as 
previously described. Construction equipment would also be 
similar except that the weight of the precast elements to be 
handled would probably be less than for a precast wall. 

The rate of construction for this type of wall would depend 
primarily on the difficulty encountered during the boring for 
the piles. For a 48-inch diameter caisson, the hole could be 
excavated at a rate of 10 to 15 feet per hour if in sands and 
gravels. The rate would drop to two to three feet per hour 
if excavated in hard rock. Once the excavation has been 
completed, erection time approximates that of the precast wall 
with tie-backs. 

Major advantages of this type of wall would be: 

Excavation for footings would not be required. 

Handling would involve smaller and lighter members. 

Major disadvantages would be: 

Close tolerance would be required for the placement 
of the piles. 

Difficulty of drilling through boulders and rock 
material. 



S e c a n t - P i l e W a l l 

One technique of retaining wall construction that is relatively 
new to this country but has been successfully applied in 
Europe for many years is the secant-pile or "bored cut-off" 
wall. This type of construction could be applied to areas 
where terraced roadways are being considered. Figure 16 
illustrates this construction technique. 

Pile boring equipment with heavy duty grabs, also called 
"orange-peel buckets" or "hammer grabs" are suitable for 
excavating through hard strata. The larger machines are 
equipped with casing machines, either as air-powered rocking 
arms or as hydraulically operated jacks designed for lowering 
or extracting the casing by a process of semi-rotary and 
vertical motion. 

The construction of the piles by means of this machine would 
consist of four basic steps as follows: 

1. The steel shell penetrates the ground through a 
combination of longitudinal thrust and reciprocating 
partial rotation, 

2. The open hammer grab falls freely, cutting or dis-
integrating any kind of material, 

3. Following impact of the hammer, the blades close and 
the resulting muck is hoisted out, and 

4. After complete excavation of the hole, concrete is 
placed and the casing extracted through the combined 
motions of thrust and rotation. 



Construction Platform 

Figure 16 

Construction of Retaining Wall by the Secant-pile Method 

Trafficable Roadway 

During Construction 



A cross-section of a typical secant-pile wall is shown below. 
In this example, unreinforced piles of 35-inch diameters 
placed five feet on center are constructed. Overlapping 
reinforced piles are built between the first set of piles. 
This set of reinforced piles cuts into previously constructed 
unreinforced piles to form a watertight retaining wall. 

3 5 " diameter 

If water is not a problem, this wall can be constructed without 
overlapping and all piles would be reinforced as shown below. 
For high walls, the retaining capacity can be increased by the 
installation of tie-backs. 

For excavations in extremely hard rock, a machine equipped 
with reverse circulation drills would produce greater rates of 
excavation. One such machine, the RRC-30, manufactured by 
Tone Boring Co. of Japan, can drill caissons up to 118 inches 
in diamter to a maximum depth of 2 60 feet. The machine con-
sists primarily of a cable suspended submersible motor drill 
with three rotary bits. Torque and feed pressure to drill 



bits are provided by the submersible motor drill itself with-
out necessity of drill rods. Reverse circulation ensures 
constant and immediate disposal of cuttings. 

After the wall has been constructed, excavation in front of 
the wall can proceed. If lateral earth pressures are to be 
taken by an earth or rock anchor system instead of by canti-
lever action, excavation would be interrupted as soon as it is 
deep enough to permit drilling of the anchor holes. The 
anchor holes are drilled and anchors installed. The anchor 
rods are postensioned and excacation is resumed down to the 
next level of anchors. 

After the material in front of the wall has been excavated, 
the surface of the wall is exposed. It must be treated to 
make its appearance exceptable. Some standard treatment would 
be: natural rock, precast architectural panels, sprayed mortar, 
sprayed concrete with a reinforcing curtain or conventional 
formed concrete. 

Major advantages of the secant-pile retaining wall would be: 

Work can be performed from existing shoulder or 
roadway without excavation of the bank. 

No temporary retaining structures would be required. 

No backfilling would be required. 

Major disadvantages would be: 

Exposed face would need special treatment. 



Cost might be higher than for a precast panel or 
cast-in-place wall. 

R e i n f o r c e d E a r t h 

A relatively new concept in retaining wall design is the 
"reinforced earth" wall. Reinforced earth is a composite 
construction formed by the association of soil and reinforce-
ments. Reinforcements are usually thin metal strips of gal-
vanized steel or aluminum. 

The construction process that would be used is basically 
repetitive. The initial step would be to construct an unre-
inforced concrete leveling footing, usually several inches to 
several feet below finished grade. The remaining steps which 
are repeated as necessary include: 

Erection of a lift of facing panels. 

Placement and compaction of earth backfill. 

Horizontal reinforcements laid and bolted into place 
on the facing panels. 

As subsequent rows of interlocking panels are set into place, 
the entire procedure is repeated until the desired height is 
reached. 

The reinforcing metal strips generally are from 0.8 to 1.2 
times the height of the structure in length. Therefore, this 
type of wall is only appropriate in areas where sufficient 
width is available for construction of new fill of the re-
quired wall depth. 



Major advantages of the reinforced earth wall would be: 

Speed of erection (average rate is 750 to 1,000 
square feet of finished wall per day). 

No practical height limitation. 

Major disadvantages would be: 

Space requirements behind the wall. 

Special backfill material. 

Cantilevered Structures 

Widening the existing roadway towards the river may be accomp-
lished by constructing a overhanging roadway platform instead 
of a retaining wall. The stability of this structure is 
obtained by a combination of concrete footings and tie-backs 
as illustrated in Figure 17. 

The structure itself could consist of either precast segmental 
slab units or precast cantilever beams and panels. If this 
type of construction is considered to support a portion of 
the new roadway, it should support the entire eastbound 
trafficway (whether one or two lanes) in order to avoid the 
problem of uneven settlement. 

Major advantages of this type of construction would be: 

Elimination of retaining walls. 

More of the riverbank would be available for vegetation. 



Figure 17 

Cantilever Deck Structure 

Precast Segmental Slab or Beam Units 

Tie-backs to Earth 
or Rock Anchors 



Major disadvantages would be: 

Requires construction encroachment of the existing 
traveled lanes. 

More expensive than retaining walls. 

Elevated (Bridge) Structures 

The construction of bridge structures or viaducts on the 
riverbank may be necessary in certain areas where the avail-
able roadway platform is of insufficient width to accommodate 
all traffic lanes at-grade. Three different designs that 
could be utilized in the construction of elevated structures 
are: 

Cast-in-place concrete deck. 

Precast box-beam deck. 

Precast segmental construction. 

I-beam sections and steel box-beam construction could be used 
The construction of steel box-beams is similar to precast 
concrete box-beams except that a roadway slab is generally 
cast-in-place. 

C a s t - i n - P l a c e C o n s t r u c t i o n 

Short span elevated structures of about 10 0-foot spans or less 
could be economically built by this construction method, 
especially when piers are short. Access from the existing 
shoulder to the location of the columns would have to be 



established for construction of standard type foundations 
using footings. A work area of approximately 20 feet by 20 
feet would be required at the level of the top of the footing. 
Access ramps to work areas would also have to be constructed. 
The length of the ramps would depend on the difference in 
level between the road shoulder and the working platform. 
Approximately six times the height difference is required as 
the length of the ramp. For a 15-foot differential, therefore, 
a ramp approximately 90 feet long would be required. This 
form of access would create major impacts by requiring extensive 
interruption of the riverbank. A better method may be to work 
from a temporary platform at the level of the roadway shoulder. 
For the construction of spread footings, however, it would be 
necessary to support the excavation with some form of temporary 
retaining structure as illustrated in Figure 18. 

A better solution than the temporary platform, from the 
standpoint of impact to the riverbank, would be to support the 
columns directly on caissons embedded in the riverbank down to 
sound rock. This operation could be carried out by means of 
a caisson boring machine which could operate from a platform 
or bench near the roadway shoulder. This operation is illus-
trated in Figure 19. This construction procedure would reduce 
impact to the riverbank and would eliminate the need for 
retaining structures. 

After the foundation caissons have been cast, construction of 
piers and erection of the formwork for the superstructure 
would commence. If an appreciable length of bridge structure 
is to be built, it would be more economical to provide metal 
forms that could be adjusted for camber and superelevation and 
be reusable from span to span. The formwork would be supported 
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Figure 19 
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on steel girders in order to transmit the loads to supports 
around the piers and eliminate continuous supports along the 
riverbank. Forming, placing reinforcement and concreting of 
the deck would be performed with the aid of cranes and trucks 
operating from the shoulder of the existing roadway. 

For maximum utilization of the formwork, the construction 
would have to proceed from one end of a viaduct or bridge 
structure to the other end. The cast-in-place method of 
construction would require more time than methods utilizing 
precast elements. Average construction rates for this method 
would probably be in the order of 200 to 300 feet per month of 
contract for a two-lane structure. 

Major advantages of cast-in-place construction would be: 

No high capacity cranes required. 

No shipping of long, heavy elements. 

Major disadvantages would be: 

Longer construction time. 

Requires more storage area close to the construction 
site for stockpiling materials. 

Movement of concrete trucks on the highway. 

Potentially a high amount of construction impact to 
the riverbank and associated vegetation. 



P r e c a s t B o x - b e a m s o n C a s t - i n -
P l a c e P i e r s 

For this method of construction the foundations and piers 
would be built similar to cast-in-place construction. Piers, 
however, should have a top cap beam to receive the precast 
longitudinal deck elements. This construction procedure is 
illustrated in Figure 20. 

This type of design is economical for single span structures 
80 to 100 feet long. Due to size and weight considerations 
for transportation, the precast, prestressed deck beams would 
most likely be limited to a maximum length of 8 0 feet and a 
weight of 50 tons. The beams could be erected with a crane at 
each end which would place them side by side on the pier top 
cap beams. The deck beams would be tied together transversely 
by tensioning rods threaded through preformed holes. The top 
joints would be grouted and a wearing surface would be applied 
on the top surface. Curbs and railings could be cast-in-place 
or precast as part of the exterior units if desired. 

Total construction time for this type of construction would 
likely be the least of the three methods described. Average 
rates in the order of 300 to 450 lineal feet per month of 
contract for a two-lane structure could be expected. 

Major advantages of the method would be: 

Minimum construction time. 

Simplicity of precasting and erection. 

Minimum disruption to riverbank. 
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Major disadvantages would be: 

Heavy, long precast elements to transport and erect. 

Requires multiple bearings and expansion joints. 

Produces noticeable longitudinal joints on the deck 
underside. 

P r e c a s t S e g m e n t a l C o n s t r u c t i o n 

Although segmental construction can be either precast or cast-
in-place, only precast is discussed in this section. The 
applicability of cast-in-place, segmental construction is 
discussed in the section covering construction of roadways off 
the Canyon floor. 

Elevated structures along the riverbank could be built by this 
construction method which consists of the fabrication of 
longitudinal segments for the superstructure. Each segment 
would form a full cross-section of the bridge, and would be 
approximately eight to 12 feet in length. The segments are 
put together and post-tensioned on-site to form a complete 
span. This type of design is considered economical for medium 
to large spans (150 feet to 450 feet in length) but could also 
be economical in short spans when long viaducts and restric-
tions in the size of structural elements are considered. 
Figure 21, illustrates this type of construction. 

After foundation caissons have been constructed, the piers 
could be constructed by conventional cast-in-place methods, by 
erecting complete precast piers or by stacking precast segments 
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form complete piers. The erection of the superstructure would 
start after several piers have been completed. Precast seg-
ments brought to the site would be erected by crane, starting 
with the unit immediately on top of the pier and progressing 
toward the adjacent piers, one segment on each side until 
reaching the midspans. Erection cranes would move to the next 
pier and the process would be repeated until the cantilevered 
sections are joined together. 

Due to labor that would be involved in joining and post-
tensioning the segments and the control of erection procedures, 
this method would require a longer construction time than the 
method of precast beams. It is estimated that average construc-
tion rates would be in the order of 250 to 350 lineal feet per 
month of contract for a two-lane structure. 

Major advantages of this method would be: 

Smaller precast elements. 

Adaptability for use with different cross-sectional 
shapes. 

Adaptability to long spans. 

Adaptability to continuous spans, pier and deck 
integration (elimination of bearings and fewer 
expansion joints). 

Major disadvantages would be: 

Probably more expensive than the two previous methods 

Slightly noticeable transverse joints. 



Earthworks 

In some areas of the Canyon, especially at the eastern end, 
the existing roadway could be widened to four lanes by con-
struction of earth fills (embankments) towards the river or by 
small cuts into the side slope. This type of work would 
follow standard procedures established for highway construc-
tion. 

Since the major intent would be to minimize cuts inside slopes, 
additional fill materials would probably be needed to build 
embankments. An available source of suitable gravels can be 
found at Dotsero flats. 

Special emphasis should be given to minimizing the impact of 
existing vegetation and the treatment and revegetation of new 
embankment slopes and affected side slopes. 

TALUS SLOPE CONSTRUCTION 

Retaining Structures 

Widening of the roadway toward the Canyon wall may require 
shallow cuts (eight feet or less in height) into the talus 
slope. These cuts must be supported by retaining structures, 
which, in general, may be of the following types: 

Precast panels with tie-backs. 

Bored-in piles with lagging. 

Secant-pile walls. 



P r e c a s t P a n e l s w i t h T i e - b a c k s 

For the construction of retaining walls in the talus slope, a 
work area approximately 20 feet wide would have to be provided 
adjacent to the bottom of the talus slope. In general, this 
area could be obtained by relocating the traveling lanes to 
the outside shoulder and providing barriers at the edge of the 
traveled lanes. Excavation of the talus slope at steep angles 
could, in most cases, be accomplished without the aid of 
temporary bulkheads. In cases where the talus slope can not 
stand by itself at steep cuts, the use of anchor plates and 
tie-rods is recommended. This method of support could be 
installed as small sections of slope are excavated. Immediate 
construction of the narrow footing and the erection of precast 
wall panels should follow the excavations. Installation of 
tie-backs, backfilling and tensioning of the rods would com-
plete the wall construction. Figure 22 illustrates this 
construction procedure. 

Disruption to normal traffic flow would occur, particularly 
during the unloading and erection of precast wall panels. 

As in the case of construction on the riverbank, the major 
advantages of constructing this type of wall in the talus 
slope would be: 

Less construction time. 

Adaptability to different architectural finishes. 

Less storage area requirements. 
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Major disadvantages would be: 

Erection of panels must be staged immediately 

following excavation of short sections of talus. 

Vertical joints every eight to 12 feet. 

B o r e d - i n P i l e s w i t h L a g g i n g 
A work area approximately 20 feet wide would be required along 
the inside shoulder of the existing roadway for this construction. 
As mentioned previously for precast walls, this width could be 
obtained in most areas by paving the outside shoulder and 
restricting traffic to a 24-foot roadway. 

This type of construction consists of embedding special shaped 
precast concrete piles or steel H-piles into pre-bored holes as 
illustrated in Figure 23. The lower end of the piles would be 
encased in concrete while the upper part of the pile hole is 
filled with low strength grout, gelled bentonite slurry or 
sand. After a sufficient number of piles have been installed, 
excavation in front of the wall would start and simultaneous 
placement of lagging between piles would take place. Lagging 
may consist of precast concrete panels or timber boards. For 
high walls, these piles should be used in conjunction with 
tie-backs. The exposed surface of the wall may be treated in 
several ways to gain an acceptable surface appearence. Some 
typical methods include the application of sprayed concrete or 
mortar, conventional formed concrete, architectural panels, or 
natural rock. 
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Work and storage area requirements would be similar to those 
to construct a precast panel wall. 

Major advantages of a bored-in. pile wall would be: 

No temporary supports are required. 

Excavation for footings is not necessary. 

Handling of smaller and lighter precast elements. 

Major disadvantages would be: 

Close control during construction to maintain proper 
pile alignment. 

Requires the addition of special facing. 

S e c a n t - P i l e W a l l s 

Work area requirements for this type of wall are similar to 
the two methods previously described. Boring equipment could 
operate from the work area if the wall is close enough or it 
might be necessary to set up the equipment on an elevated 
platform as illustrated in Figure 24. 

The construction procedure would be similar to the one pre-
viously described for secant-pile wall construction for 
terraced roadways. The construction sequence is illustrated 
in Figure 24, 25 and 26. 
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Figure 25 

Construction of Retaining Wall by the Secant-Pile Method 
Stage Two 



Figure 26 

Construction of Retaining Wail by the Secant-Pile Method 
Stage Three 



Major advantages of this type of wall would be: 

No temporary support of the talus slope is required. 

No backfilling is necessary. 

Major disadvantages would be: 

Exposed face needs special treatment. 

Cost probably higher than for a precast panel wall 
or pile wall with lagging. 

Elevated (Bridge) Structures 

The construction of bridge structures on talus slopes may be 
recommended in areas where terraced embankments are impractical 
in areas approaching tunnelling sections and in areas where 
vegetation in the talus is to be preserved. The three types 
of construction previously described under riverbank con-
struction would also be applicable to talus slope construction. 

Construction procedures and storage area requirements would be 
similar to the ones previously described for riverbank con-
struction. The requirements for work space would depend on 
the location of the supporting columns with respect to the 
inside shoulder of the existing roadway. In general, space 
could be obtained from the existing lanes by relocating 
traffic to the outside shoulder and providing barriers at the 
edges of the traveled lanes. Excavation of the talus slope in 
order to provide work areas must be held to the minimum feasible 
for any particular construction procedure. 



RIVER CONSTRUCTION 

The construction of a bridge structure or viaduct in the river 
encompasses two distinct problems: the construction of 
foundations and supporting piers and the erection of the 
superstructure. A discussion of the methods of construction 
applicable to each follows. 

Substructure 

The construction of pier foundations in the river may be 
performed by conventional earthen dike construction or by use 
of rotary rock drilling equipment capable of drilling large 
diameter caissons under water. 

E a r t h e n D i k e s 

This method is applicable to the construction of the sub-
structure in the section of the river above Shoshone Dam where 
water velocity is low. The method basically consists of the 
construction of an earth or rock and earth dam around the pier 
to be constructed as illustrated in Figure 27. This dam 
should be watertight so that water can be pumped out from the 
inside and construction be performed in the dry. Watertight-
ness can be achieved by proper thickness and use of impermeable 
soils or by the placement of mortar-filled bags. 

Once the construction area at the bottom of the river has been 
cleared and prepared, equipment could be brought by barges and 
lowered into the work area. If spread footings are required, 
the excavation in rock could be performed by drilling or by a 
combination of drilling and blasting. If caissons are 
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recommended, special rock drilling equipment would be required. 
The size of the work area would vary depending on the footing 
dimensions and the type of equipment required. The work area, 
however, would be in the range of 40 by 40 feet to 60 by 60 
feet. 

Major advantages of this method of construction would be: 

Work is performed in the dry, where control and 
inspection are easily performed. 

Suitable for construction of spread footings. 

Major disadvantages would be: 

Ecological impact on the river due to potential 
siltation. 

Slow and expensive operations. 

H a r d - R o c k D r i l l e d - i n C a i s s o n s 

Drilled piers or caissons are frequently used for bridge piers 
and other construction in shallow water. This method of 
construction is feasible in most areas of the river throughout 
the Canyon. In the area below the dam, this work could be 
performed if the flow is such that the working platform could 
be anchored safely to the riverbank as illustrated in Figure 28. 

The initial stage of construction consists of setting up and 
locating the floating working platform. Floating platforms 
can built in different shapes and sizes by the locking together 
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of several standard units. The dimensions and weights of the 
individual units have been designed for transportability and 
the ease of handling. The location of the platform in the 
river is secured by anchoring it to the river bottom and the 
riverbank. 

Caisson rock-drilling machinery would operate from this floating 
platform. One of the machines that has been used for this 
type of drilling is the RRC Reverse Circulation Drill, manu-
factured by Tone Boring Company, Ltd. of Japan. The machine 
consists of a boom, guiding controls and a cable suspended 
submersible motor drill with three rotary bits. The unique 
trochoidal cutting motion of the drill enables simultaneous 
excavation and removal of excavated material. Tight alignment 
control even at great depths is obtained by the use of elec-
tronic equipment. The caisson hole could be lined with a 
steel casing or left unlined, depending on the soil or rock 
conditions. Where the casing could be sealed into a suitable 
impervious formation, it would be dewatered and the drilling 
and concrete placement could be performed in the dry; or, if 
dewatering would prove impractical, concrete placement by the 
tremie or pumped-in concrete method could be used. 

The construction of the column itself could be accomplished by 
several methods. The most practical would probably be by the 
sinking of precast hollow columns and by concreting the lower 
part of the column to the caisson as illustrated in Figure 29. 
Other methods consist of the use of steel liners and cast-in-
place construction or the use of small steel cofferdams, 
dewatering and cast-in-place construction of the bridge piers. 
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Major advantages of this method of substructure construction 
would be: 

Less ecological impact to the river. 

Less time required for construction. 

Major disadvantages would be: 

Specialized equipment required. 

More difficult to control and inspect than the 
previous method. 

Superstructure 

The construction of the superstructure or roadway deck of 
bridge structures may be performed by two general methods: the 
use of precast box-beam units or segmental type construction. 
The high cost of substructure construction in the river favors 
the use of longer spans (less piers) which in turn makes a 
cast-in-place concrete solution less economical. Another 
alternative may be a steel box-girder, concrete-deck solution. 
Since this alternative seems to have less esthetic quality 
than an all-concrete solution, the discussion has been limited 
to the first two types mentioned above. 

P r e c a s t U n i t s 

Precast box-beam units approximately 125 feet long could be 
shipped by railroad and transferred to the floating platform 
for erection on the top of the piers. Erection could be 
accomplished by the use of barge-mounted cranes from each pier 



as illustrated in Figure 30, or by an overhead traveling 
gantry. The latter type of equipment is described in the 
section dealing with the "highline" alternative. The beams 
would be tied together transversely by tensioning rods. A 
wearing surface would be placed on the top surface of the 
beams for smooth riding and for waterproofing of the beam 
joints. 

Major advantages of this construction method would be: 

Less construction time. 

Simplicity of precasting and erection. 

Major disadvantages would be: 

Heavy, long precast elements to transport and 
erect. 

Shorter spans require multiple bearings. 

Produces noticeable joints on the underside of the 
deck. 

S e g m e n t a l C o n s t r u c t i o n 

The segmental method of design and construction may also be 
used for the superstructure of elevated structures in the 
river. This method was previously desbribed under riverbank 
construction. The major difference would be in the greater 
span lengths (in the order of 150 to 250 feet) and in the use 
of the floating platforms for the transportation and erection 
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of the segments. This construction procedure is illustrated in 
Figure 31. 

If short sections of bridges are to be built in a straight 
alignment, construction of the superstructure could follow the 
"countercast method." With this method, segments are cast at 
one end of the bridge against the previously cast segment and 
pushed forward. The segments are self-supporting in canti-
lever fashion until they reach half of the span, and with the 
aid of a front-connected erection steel girder it is possible 
to obtain support from the adjacent pier. The completed 
structure moves on rollers or special teflon plates placed 
over the piers until it reaches the other end of the bridge. 

Segmental construction would also be possible using traveling 
forms and casting-in-place. 

Major advantages of segmental construction would be: 

Smaller precast units. 

Adaptability to a variety of cross-sectional shapes. 

Adaptability to longer spans than precast beams. 

Adaptability to continuous spans and pier and deck 
integration. 

Major disadvantages would be: 

Probably more expensive than precast beams for short 
spand (100 to 150 feet). 

Slightly noticeable transverse joints. 
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CONSTRUCTION OFF THE CANYON FLOOR 

INTRODUCTION 

The previous section has dealt with the methods of construction 
of roadways at or near the level of the existing roadway. Due 
to concerns related to enviromental impacts and the recrea-
tional use of the Canyon, particularly in the section between 
Shoshone Dam and French Creek, some alternatives have been 
considered for raising the proposed highway off the Canyon 
floor. Two alternatives are discussed on this Paper: a "high-
line" alternative which would be an elevated structure located 
on the Canyon wall approximately 200 to 30 0 feet above the 
elevation of the existing roadway; and a "lowline" alternative 
which would be an elevated structure located along the align-
ment of the existing highway. The "lowline" would be elevated 
approximately 100 feet or less above the existing roadway. 

"HIGHLINE" CONSTRUCTION 

Substructure 

The construction of foundations and piers for a "highline" 
roadway imposes some very difficult problems. Because of 
environmental considerations, disturbance to talus slopes 
should be kept to a minimum. Therefore, the piers should be 
located, where possible, on rock outcroppings. Due to eco-
nomical considerations and erection constraints (weight of 
precast units), however, recommended span lengths should be in 
the order of 200 to 250 feet. For a long, high viaduct, a 
series of equal spans is in general the most economical 



solution. When considering all these factors in addition to 
the rough topography of the rock walls, it is evident that the 
location of piers on relatively flat rock outcroppings will be 
the exception rather than the rule. Most of the piers would 
have to be located on sloped rock surfaces and on talus slopes. 

In the section of the Canyon between Shoshone Dam and Bair 
Ranch there are several locations where access to a "highline" 
alternative would be possible from the existing roadway by 
means of a high capacity crane as illustrated in Figure 32. 
The Clark Lima 7707 crane or Demag CC1200 are two machines 
that could reach heights of 300 feet with a 150 feet radius. 
The capacity of these cranes is approximately 15 tons. From 
these locations the construction of the foundations and piers 
would not be too difficult. However, rock cuts would be 
required to establish an appropriate work area, and in some 
cases, the cuts may be as high as 30 feet. 

Where direct access from a crane is not possible, the movement 
of equipment up the Canyon walls to the construction area 
would be necessary. This would be difficult and time con-
suming but could be accomplished by installing a series of 
steel pins up the face of a wall and then moving the equipment 
from pin to pin with a winch. 

The construction of foundations on the talus slope would be a 
more difficult and environmentally sensitive operation. 
Because of stability considerations, piers would probably be 
founded on caissons drilled down to rock as illustrated in 
Figure 33. This requires the use of large, specialized 
equipment and the clearing of an appropriate work area. 
Construction of access roads to transport equipment and 
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materials may be infeasible. If it is impossible to construct 
access roads to a work area, the erection of a luffing cable-
way could be considered as an alternative. For a continuous 
curving alignment as envisioned in the Canyon, this would be a 
slow and expensive operation requiring several dismantling and 
setting up operations. Another problem that would be encountered 
when excavating the talus to create a work area, is that 
temporary retaining structures would be required. This could 
be achieved by the use of supporting steel plates and rock 
anchors. However, in some areas this solution may not be 
possible and extensive removal of talus material with its 
associated vegetation would be required. 

The most difficult part of "highline" construction as illustrated 
above is the construction of foundations and footings. Once 
footings have been placed the construction of the pier itself 
could proceed utilizing slipform cast-in-place methods, or 
segmental construction using precast units. Transportation of 
materials and equipment would be accomplished by a roadside, 
large capacity crane or by an overhead cableway. Construction 
of a cableway could also be difficult since access to the 
location of the guy anchorages may be impossible or infeasible. 

Superstructure 

The superstructure for a "highline" alternative could be of 
several types. Taking into consideration the difficulty of 
access and erection procedures, the best types would be 
prestressed concrete, spine-beam box sections and composite 
steel box-girders with concrete deck, both of continuous span 
design. The prestressed concrete solution would be construc-
ted in two general ways: by cantilever erection of precast 



segmental units or by cantilever cast-in-place construction. 
The erection of a steel box-beam structure would probably 
require the use of a cableway for handling longer segments or 
full span units. 

A launching gantry may be appropriate for the erection of the 
precast segments. The gantry may be an over, under or through 
type, the description indicating where the spine of the gantry 
is located with respect to the bridge superstructure. The 
total length of such gantries is generally from one to two 
spans. Provisions would be made to launch them forward to 
successive piers as each span or unit of construction is 
completed. This process is illustrated in Figure 34. This 
method is most common for long viaducts where substantial 
usage of the gantry assured. 

Table 1 lists some of the structures for which the traveling 
gantry has been used. Access to all of the structures listed 
was difficult in certain respects. The traveling gantry has 
contributed significantly to the development of precast 
segmental construction. 

If the erection of a traveling gantry is not possible because 
of access or weight limitations, the use of a cableway may be 
the only economically feasible solution. The cableway system 
consists of a cable or system of cables supported by steel 
towers located at each end. The towers are pin connected at 
the base and supported and guided by guy wires which are 
anchored into rock. High-capacity trolleys equipped with 
independently operated hoists travel along the cableway. 
Access to the towers would be required for the movement of 
equipment and materials. A 3,500 foot cableway is presently 
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Table 1 
REPRESENTATIVE BRIDGE CONSTRUCTION PROJECTS 

EMPLOYING THE TRAVELING GANTRY 

Project 
Krahnenberg 
"Hanging" Bridge, 
Andernach, 
Germany 
Kettiger Hanging 
Bridge, Andernach, 
Germany 

Approach Viaduct 
to Westgate 
Bridge on the 
Lower Yarra, 
Australia 

Number of 
Spans 
34 

13 

Typical 
Span Length 
(in feet) 

105 

128 

Structure 
Width 

(in feet) 
61 

59 

22 220 116 

Description 
In-place span by span construction 
with traveling under-gantry spanning 
between piers. Crosses exceptionally 
steep terrain. 
In-place, segmental construction with 
traveling under-gantry spanning 
between piers. Crosses road and deep 
valley. 
Precast segmental construction with 
traveling under-gantry. Segments are 
11 feet long. 

Motorway Bridge 
over the 
Dollbach Valley, 
Germany 
Approach Viaduct 
to Targus 
Suspension Bridge, 
England 
The Oleron 
Viaduct, France 

Pine Valley 
Creek Bridge, 
California 

11 

26 

150 

249 

259 

50 

71.5 

35 

291 to 450 Two at 42 

Precast segmental construction. 

Cantilever construction with 
prestressed precast segments. 
Segments positioned by counter-
weighted traveling gantry on deck. 
Precast segmental cantilever 
construction with traveling over-
gantry. Segments are 11 feet long, 
up to 77 tons and countercast. 
Cast-in-place cantilever 
construction with through type 
traveling gantry. Crosses deep 
valley. 



being used for construction of the world record 1,700 foot 
long steel arch bridge across the New River Gorge in West 
Virginia. 

With the cantilever method of construction the segments are 
placed in balanced cantilever starting generally from a pier 
in a symmetrical operation until they approach the mid-span 
where a final closure segment would be placed. The concept of 
progressive placing is a recent development of precast segmental 
construction. Accordingly, segments are placed continuously 
from one end of the deck to the other in successive cantilevers 
on the same side of the piers, rather than in balanced fashion. 
When the deck reaches a pier, bearings are installed and 
construction proceeds to the next span. In order to minimize 
temporary stresses during construction, special stabilization 
devices must be used. A tower and guy cable system has been 
used on some projects to offer support to the deck as segments 
are erected beyond the midpoint of the span. 

Major advantages of this construction method would be: 

Operations are continuous and are performed at the 
deck level. 

During construction piers are not subjected to 
unbalanced moments. 

One disadvantage would be that the first span of a multi-span 
structure must be completed before the method can be employed. 
The first span would be the most difficult and would require a 
different construction approach. 



"LOWLINE" CONSTRUCTION 

The second alternative to a roadway off the Canyon floor would 
be the construction of an elevated structure above the existing 
roadway. 

Substructure 

Construction of the substructure for the "lowline", which 
generally would follow the alignment of the existing roadway, 
would be much easier than construction of the "highline". 
Access to pier locations would be next to the existing roadway 
or within reach of cranes operating from roadside. Footings 
would be located in the talus area or on rock outcroppings 
beside the existing roadway. In cases where footings would be 
in talus, temporary support of the talus would be required 
during construction of foundations and piers. Construction of 
the piers could be by cast-in-place, slipforming or segmental 
construction. 

Superstructure 

Construction of the superstrucuture would require similar 
methods as those described for the "highline", except that the 
use of cableways would not be required. Another advantage of 
the "lowline" would be that erection of precast elements could 
be accomplished by using a mobile crane located on a pontoon 
in the river. With a high capacity, high-reach crane, units 
weighing as much as 65 tons could be erected on piers located 
along the inside ditch of the existing roadway as illustrated 
in Figure 35. With this method, the movement of cranes along 
the traffic lanes would be minimized. If this method is not 
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feasible because of limited use or adverse impact to existing 
vegetation and the river, the overhead gantry and the progres-
sive placing methods are alternative techniques. Access and 
the movement of precast elements would occur at the ends of 
each contract section and progress toward the other end. 

TUNNELLING 

There are two locations in both the "highline" and "lowline" 
alternatives where tunnels may be required due to horizontal 
alignment constraints. 

Tunnels present a much more severe problem for the "highline" 
alternative as access to equipment and materials, and mucking 
operations (removal of excavated material) would be more 
difficult. A working platform must be installed at the portals 
for initial excavation and construction of the portals. 
Depending on the rock topography, this platform could be 
supported on a permanent concrete abutment, on a temporary 
steel trestle or by diagonal braces to rock anchorages and 
overhead guy cables. Access could be obtained from the ele-
vated highway structure if work is scheduled so the elevated 
structure is completed to within half span from the tunnel 
portal before tunnel work is initiated. Final access to the 
working platform could be from the elevated structure by means 
of a temporary steel truss as illustrated in Figure 36. 

Excavation in the tunnels would most likely be by drilling and 
blasting using standard top heading and benching techniques. 
The size of the tunnels (approximately 36-foot minimum diamater 
for a circular section) for a two-lane roadway would make the 
use of a tunnel boring machine impractical. The use of drilling 
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jumbos would be a possibility, however, they would require the 
assembling and dismantling of large size machinery. A drilling 
jumbo is a self-propelled unit consisting of a series of 
drills mounted on a movable unit. The drills are arranged for 
full face operation and, where required, the workers operate 
under a protective shield. Higher rates of excavation are 
obtained by the use of these drilling jumbos. However, the 
choice of type of equipment would be dictated mainly by the 
ease of access to one or the other of the tunnel portals. 

Technological progress in the art of highway tunnelling has 
been rather slow. However, a number of new methods are being 
explored today under Government sponsorship. Most of the 
methods fall under the following concepts: rock melting or 
heat weakening, fragmentation by hydraulic impact and frag-
mentation by projectile impacts. Most concepts are still in 
the early stages of research, and probably will not be eco-
nomically feasible for application to large size tunnel 
projects within the next ten years. 

Full-face excavation in hard rock tunnels consists of drill, 
shoot and muck, plus the forth phase required in a majority of 
hard rock tunnels, support system installation. 

The support system for a tunnel would depend on the quality of 
the rock. If the material is stable, solid rock, with few 
structural joints or hairline cracks, and no planes of weak-
ness, rock bolts at the joints may be the only requirement. 
Rock bolts serve to tie the stable overlying rock to the 
fractured rock around the opening. With a more fractured and 
jointed rock, intermittent temporary supports, such as timber 
or steel sets, "shotcrete" or a combination of rock bolts and 
shotcrete are normally required shortly after the opening is 
made. 



"Shotcrete" is basically sprayed concrete used for back and 
side wall support, as well as for face stabilization. A 
combination of rock bolts and shotcrete application has been 
used recently in the construction of the large chambers for 
some of the Washington's Metro Subway stations. 

The use of steel sets (steel arches) with massive timber 
lagging is a costly method. In addition, these sets are not 
usually considered part of the permanent support structure. 
The final tunnel lining normally includes vast quantities of 
reinforcing steel bars and a thick slab of concrete. 

Another method of support, which was developed in Europe about 
12 years ago, combines the functions of temporary and perma-
nent support of the tunnel. This system is known as the 
Bernold System, after the Swiss engineer, John Bernold. The 
system consists of sheets of steel, rolled to the radius of 
the tunnel, perforated laterally with interlocking loops, and 
corrugated longitudinally for strength. Sheets are assembled 
to form a continuous arch. 

With the aid of temporary hinged arches, and concrete is 
applied (by shotcrete or pumpcrete method) to fill the space 
between the rock and the sheets. After the concrete has cured 
and developed enough strength, the temporary arches are removed. 
In most cases a thin coat of concrete is applied on the outside 
of the steel sheets and the tunnel support system is complete. 
In cases of severely fractured rock, the Bernold sheets can be 
installed in combination with rock bolts. 



Major advantages of this tunnel support system would be: 

Combines temporary and permanent lining functions. 

Provides immediate temporary support for the miners. 

Reduces the amount of materials (rebars and concrete) 
required for the final lining. 

One potential disadvantage of this new system would be that 
labor costs for the assembling of the system may make the 
method uneconomical. 

A final lining is constructed in the majority of highway 
tunnels. This lining insures the permanency of the temporary 
support system, controls water seepages and enhances its 
appearance. 

Regarding design considerations, highway tunnels are generally 
built with two separate bores, each carrying two lanes of 
traffic. If four lanes more to be carried at the same level 
through a single bore, the volume of excavation and the 
support requirements would be greater than for two separate 
tubes and would result in a more expensive solution. An 
alternative would be the concept of stacking the traffic lanes 
making a single bore for a two-level tunnel as illustriated in 
Figure 37. This solution would not appreciably affect the 
excavation requirements, however, it would reduce the support 
requirements to approximately the same as those for a single 
bore. A disadvantage of this concept, however, would be that 
portions of elevated guideway approaching the tunnel would 
require special, more expensive structures. 



Figure 37 
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Regarding the concept of two separate bores, the separation 
between tunnels would depend on the structural capacity of the 
rock. It is normal, in U.S. highway practice, to provide a 
50-foot separation between tunnels. In mass transit subway 
tunnels where space is critical, it is general practice to 
allow a rock pillar thickness equal to the height of the 
tunnel opening when the excavation occurs in sound, unfrac-
tured rock. In some cases, this thickness has been reduced to 
half of the height of the tunnel by proper use of rock bolts 
in both sides of the rock pillar (New York City Subway tunnels 
in Manhattan schist). If right-of-way is not a constraint, 
tunnel separation would be controlled by access considerations, 
geometric alignment and rock quality. 

The most important consideration regarding cost and esthetic 
impact would be the total length of a tunnel section. Lengths 
would be limited to a maximum of approximately 1,700 feet to 
avoid the necessity of providing mechanical ventilation and TV 
surveillance. Tunnels in excess of 1,700 feet would require 
the installation of a ventilation system for the continuous 
removal of exhaust fumes to maintain acceptable environmental 
standards. The addition of a ventilation system implies 
increased tunnel size (to provide space for ventilation ducts), 
the construction of fan houses at the tunnel portals and 
additional capital and operational costs. 



L 


