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ABSTRACT 

This document provides an overview of several research projects being 

performed in Glenwood Canyon corridor of I-70. Major research activities 

performed in conjunction with the design and construction of I-70 are 

discussed. Because of the constraints imposed in the scenic and narrow 

canyon, several innovative design concepts were considered. This was 

compounded by the poor geologic materials found beneath the canyon floor. 

Experimental features discussed in the report include geothe~l bridge deck 

heating, geotextile fabric retaining walls, flexible retaining walls, soil 

tieback retaining walls, compaction grouting of talus slopes, and others. All 

of the projects deal with structure design with most involved with the 

foundation of the roadway structure. 

Findings from the studies discussed will take place primarily in the Canyon, 

however, the basic concepts discussed here may be applied to areas with 

similar environmental or geological conditions. 
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When the decision was made to construct 1-70 through Glenwood Canyon, a series 

of environmental, architectural, design, and construction constraints were 

identified. The narrow width of The Canyon floor, also occupied by the 

Colorado River and the Rio Grande Railroad resulted in severe design 

constraints when trying to locate a 4-lane divided interstate facility. The 

scenic and recreational features within the Canyon also required that the 

highway be compatible with these attractions. In addition to the roadway and 

related structures the associated bike paths and rest areas were also required 

to be aesthetically pleasing. 

Geology in the canyon has presented several problems to the highway design 

engineer. Unstable colluvial deposits and compressible soils have plagued the 

design of foundations for the numerous structures and retaining walls. 

Colluvial deposits in the canyon have formed talus slopes which contain an 

extremely high volume of voids. The extremely high voids in these deposits 

make the usually stable rock foundations ··compressible". 
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Shortly after geological investigations got underway in preparation for 

design, a compressible clay layer was discovered under the eastern end of the 

Canyon floor. The clay layer was found at a depth of 50 to 100 feet below the 

surface and extending down another 0 to 60 feet in thickness. The 

non-uniformity and compressibility of this buried deposit made the 

construction of a rigid highway structure virtually impossible. 

Problem-specific research played an important role in the construction of the 

interstate highway through Glenwood Canyon. The tight corridor, varying 

geological conditions, and architectural constrains worked together to demand 

innovative and untried design and construction methods. Innovative and 

unproven technology had to be used in many cases for stabilization of the 

foundations. with the total cost of the interstate through the Canyon 

expected to be one-third of a billion dollars, savings from research which 

only "fine tunes" the construction process are estimated to be substantial. 

Research in this area has helped implement new technology in the Canyon and 

will guide the way in other projects nationwide. 

What follows is a general description of formal research projects that have 

been performed or are currently underway in the Canyon. Each project has a 

detailed work plan, existing or planned report, and recommendations for 

implementation within the Canyon. Available information is summarized here. 
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GEOTHERMAL BRIDGE DEICING 

Among the many natural resources near Glenwood Canyon is geothermally heated 

water. Of several warm springs in the area the most notable is that which 

supplies water to the Glenwood Hot Springs Pool. These warm springs have been 

utilized for hundreds of years--first by the local Indians and now by 

thousands of tourists annually. Temperature of the water from this spring is 

124 degrees F. and its usefulness was realized early in Colorado's History. 

Most other springs in this area are significantly cooler and their thermal 

energy is not being utilized. Geothermal water temperatures of 90 degrees F. 

and below are useless for sta~~ generation of electricity and are only 

marginal for water or space heating. These temperate springs, although 

marginal for most applications, are excellent for melting ice. With this in 

mind, a research study was performed to determine the feasibility of using 

geothermal water for deicing of bridges within the Canyon . 

Initial investigations dealt with the availability of the geothermal water and 

methods to distribute its heat into the bridges. It was determined that the 

geothermal water should not be directly circulated through pipes in the bridge 

decks because of potential for corrosion, clogging and freeze-up. Also, 

electrical cost to pump the fluid would be excessive. A heat pipe 
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distribution system was determined to be the most plausible alternative and 

further development and testing was recommended. 1 Rights to these springs 

is somewhat complicated by the fact that they fall under both mineral and 

water laws. 

Heat pipe technology is based on the fact that a working fluid can absorb and 

liberate great amounts of heat when it changes phase from a gas to a liquid. 

Ammonia is typically used for the working fluid because of its high heat of 

vaporization and its condensation pressure at the temperatures required. The 

working liquid is boiled by the heat source. This vapor can then travel long 

distances to the heat sink where it condenses back into the liquid with only a 

very small temperature difference between the heat source and sink. The 

liquid then returns to the heat source to be reboiled. 

In order to determine the feasibility of using this technology for bridge 

deicing, a model bridge was constructed with various heat pipes installed to 

transfer the heat of geothermal water into the deck. The bridge was 

constructed in the maintenance yard in Glenwood Springs where a small spring 

with 78 degree F. water was available. The water was pumped through the heat 

exchangers and returned to the same culvert which was used to drain the water 

into the Colorado River. 
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Various condenser finger spacings were tested with two types of heat pipe 

designs. The first design was an eccentric manifold design developed by Seta 

Corporation of Laramie. Wyoming. This design is based on a smaller diameter 

pipe located eccentrically inside a larger diameter pipe. See Figure 1. The 

working fluid resides in the larger pipe and the geothermal water flows 

through the smaller diameter pipe. Heat from the geothermal water boils the 

ammonia which rises in the condenser fingers attached to the larger diameter 

pipe. The second system is an immersed heat pipe design developed by Energy 

Engineering Inc .• of Albuquerque. New Mexico. This system is based on 

numerous single tube heat pipes installed in a large diameter pipe. Each tube 

enters the side of the large pipe and turns and runs parallel for about two 

feet. The geothermal water flows through the large pipe and surrounds the 

ends of the heat pipes. 

Performance monitoring consisted of a data acquisition system which sampled 

temperature sensors throughout the deck and the plumbing each minute. 

Additionally. this system monitored ambient temperature and wind speed. A 

visual record was also established by a time-lapse camera which photographed 

the deck condition once every five minutes. The performance of this system 

was monitored for one and one-half winter seasons. 2 . 
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Results of the testing demonstrated good performance and definite feasibility 

for using geothermal water and heat pipes for controlling icing on bridge 

3 
decks. See Figure 2. One problem encountered during the testing 

demonstrated the need to control corrosion and fouling in the heat exchangers 

due to the high mineral content of the geothermal springs in this area. See 

Figure 3. 

A test pumping loop was operated with this same geothermal water containing 

various samples of material to determine the best system for the controlling 

corrosion and fouling. Various pipe coatings, stainless steels, and exotic 

steels were included. The pumping loop was operated for six months at which 

time the samples were examined for fouling, corrosion, and pitting. A 

scratched sample of each material was also included to determine ramifications 

of small defects and damage within the heat exchangers . Results of this study 

indicate that a standard type of stainless steel will be the most practical 

4 method to control this problem. 

Currently, the Colorado Department of Highways is considering using this type 

of heating system on two structures near the Cinnamon Creek Tunnels in the 

middle of Glenwood Canyon. The two structures provide a crossing over the 

river as traffic exits from the tunnels. With the curves on these exit 
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bridges, it is expected that there could be a significant hazard in the winter 

without some method of heating the decks. 

GEOTEXTILE FABRIC RETAINING WALL TESTING 

A fabric reinforced earth retaining wall was installed at the east mouth of 

the Canyon. The wall was built on a steep side slope embankment for a 

proposed bike path. The wall was 300 feet long and 15 feet high. Four 

non-woven fabrics were used as reinforcing elements with two weights of each 

in ten test sections. Each section of the wall was designed for different 

factors of safety. Six of the test sections were constructed with a marginal 

factor of safety and it was felt that a creep failure might be possible. 

Construction of the wall was similar to that used by the Forest Service. The 

soil/fabric sandwich wall was built in one-foot layers with a jig used to form 

the face. See Figure 4a thru 4d. Temporary ultra-violet light protection was 

provided with a water-cement slurry and the final face for the wall was 2-inch 

thick gunnite. Cost of this type of retaining wall system was between $11.00 

and $12 . 50 per square foot of face. 

Instrumentation was designed to measure, settlement in the compressible layer 

beneath the wall, the distresses in the wall and the movement of the face of 
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the wall . Five casings for vertical inclinometer measurement were installed 

along the foot of the wall with Sondex casings on the outside. The Sondex 

measures the vertical settlement of the soil and the inclinometers measure the 

lateral deformation of the soil. Each of these casings was installed through 

the overburden, through the compressible clay layer, and into the stable 

gravel deposits below. Thirty horizontal inclinometer casings were installed 

within the wall to measure the deformation of the wall itself. Piezometer and 

soil pressures cells were installed under the wall to measure the load and 

water pressure distribution. The movement of the face of the wall was 

monitored with survey instruments and targets attached to the face. 

Additional face monitoring was performed by measurements from rigid posts 

installed in front of the wall. Finally, vertical movement at the bottom rear 

of the wall was measured using manometers. 

Even though as much as 20 inches of vertical settlement was experienced in the 

clay layer below, the wall has performed satisfactory and none of the segments 

have experienced distress. In fact, the large strains anticipated in some 

segments of the walls, have not occurred. It is believed the reason these 

strains did not develop, is that the usual design theory greatly 

over-estimates stresses in the fabrics .5 
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Research has been extended on this wall to determine the long term performance 

of the fabrics. Long term creep failure and deterioration of the fabric may 

limit the application of fabrics for permanent retaining walls. This wall 

will be excavated over the next few years with fabric samples being carefully 

removed, examined, and tested in the laboratory. Effort has been made to 

collect the samples in areas where the maximum stresses are expected so creep 

and deterioration of the fabric in these areas can be explored. Preliminary 

results are encouraging. Samples removed look as good as they were two years 

ago when the wall was built. 

Data from this research should provide design criteria for a permanent fabric 

wall. Not only will design and construction criteria be developed, but the 

experience gained on this structure will give state and federal officials 

confidence in selecting this retaining wall concept. 

FLEXIBLE RETAINING WALLS WITH FULL HEIGHT FASCIA PANELS 

Because of the environmental sensitivity of the Canyon, an Architectural 

Design Committee was selected to provide input to the design of the 

Interstate. One architectural constraint imposed by the Committee on the 

highway engineer for this corridor was the limitation of horizontal lines in 
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the retaining walls . Full height retaining walls were recommended to avoid 

horizontal lines. However, utilizing these full height panels over 

compressible soils presented a serious challenge to the design engineer. 

To meet this challenge, engineers choose to use earth reinforced retaining 

walls over the compressible soils. Although earth reinforced retaining walls 

have been tested and used for many years, it was not known how they would 

perform as the soil below the walls consolidated. Full height fascia panels 

had to be utilized instead of the usual 3-foot panel segments used on 

Reinforced Earth walls. Monitoring the performance of the first set of these 

walls not only provided input for design and construction consideration for 

future projects in the Canyon, but provided information for use of these walls 

in other areas. 

Research on these systems was conducted in three parts . The first research 

study looked at the strain in the reinforcing elements in the embankment while 

monitoring the settlement of the foundation for these walls. The second part 

consisted of monitoring the stress in the fascia panels themselves and the 

third part looked at a two-phase system where the installation of rigid fascia 

panels was postponed until most of the settlement was complete. 
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Two types of flexible walls were constructed with rigid fascia panels. The 

first type is the Reinforced Earth (RE) Company design which is based on 

galvanized steel strips layed during the backfill operation. See Figure 5 . 

The second type is the VSL Company design based on a galvanized steel grid of 

approximately No.6 wire. See Figure 6 . 

Instrumentation was installed at this site to measure stresses in the wall 

itself, movement of the face of the wall, and settlement of the compressible 

clay lay below the wall . Approximately 90 strain gauges were installed on the 

reinforcing elements of the embankment to determine if excessive stress would 

be caused by the differential settlement. Targets were installed on the face 

of the wall and survey instruments were used to determine its movement. 

Pizeometers were installed in the clay layer to determine the stability of the 

layer during consolidation. Finally, vertical inclinometer and Sondex casings 

were installed at the toe of the wall to measure the settlement and lateral 

movement. 

The results of the monitoring program revealed that all the walls have been 

subject to differential settlement. The RE and the VSL walls have shown 

little distress on the pavement surface and seem to tolerate the differential 

6 settlements up to 18 inches . The only major problem with both of these 
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walls was the excessive lateral movements of the full height precast concrete 

panel facings. See Figure 7. Normal erection of this full height wall failed 

to maintain a perfect longitudinal alignment of the top edge of the fascia 

panels. Straight alignment turned out to be important because of the design 

of the parapet and guard rail which must be installed on top of these panels. 

During certain times of the day, the parapet casts shadow onto the fascia 

panels and amplifies any misalignment. When it became apparent that these 

panels were moving during erection and settlement, engineers also became 

concerned about stresses in the panels themselves. 

In theory, the facing panels of a earth reinforced wall do not contribute to 

the strength of the retaining wall. They are there only to prevent face 

erosion. In the ease of full height panels, their rigidity may prevent 

appropriate stresses in the earth reinforcing elements from activating and in 

doing so develop undesirable stresses within the panels. 

An additional research study was then implemented to test a new erection 

procedure for earth reinforced walls which would maintain good alignment of 

the top of the fascia panels and limit stresses in the pane1s.
7 

The 

erection procedure outlined a detailed method for backfill, placement of the 

reinforcing strips, and when to remove the temporary supports. Strain gauges 
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were installed on the reinforcing steel of the fascia panels and the alignment 

of the panels was monitored with horizontal inclinometers and survey 

instruments . 

Preliminary results indicate that the erection procedure was successful in 

maintaining good alignment, but strain gauge data indicates that there may be 

localized areas of excessive stress in the fascia panels. Analysis of this 

data is continuing to determine its magnitude and effects on future panel 

designs. 

Engineers have also developed a two-phase wall system which could be used over 

compressible soils. The first phase consists of an earth reinforced wall with 

a wire face. The wire face was backed with a fabric to prevent soil from 

eroding through the wire screen. See Figure 8 . When the settlement of the 

soil below the wall is substantially completed, full height fascia panels will 

be installed in front of the wire walls. The 2 to 3 foot gap will then be 

filled with a lean concrete to interlock the face and the retaining wall. 

This unique system has never been used before and a research report on the 

construction and its performance will allow implementation for others. 8 

This study is currently underway and performance data is limited at this time . 
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SOIL TIEBACK RETAINING WALLS 

Retaining walls to be located in narrow portions of the Canyon, especially in 

talus slope areas, are being designed for a tieback system. Tieback retaining 

walls are a relatively new system with many being proprietary or constructed 

by specialty contractors. On the interstate project of Glenwood Canyon, 

non-proprietary tieback retaining walls are planned. The use of this concept 

prompted design engineers to choose between a detailed design of the tiebacks 

or a performance specification. Research in the Canyon is designed to answer 

this question as well as gain experience in using this retaining wall 

9 
system. 

A small test wall was constructed where the steel bar or strand tiebacks would 

be pulled out to failure. See Figure 9. Strain gauges were installed at 

various distances along the tiebacks and a load cell was installed between the 

pull jack and the anchor. The tiebacks were loaded incrementally until 

failure occurred or until the yield strength of the high strength steel bar 

was reached. The strain gauges were monitored during this test to determine 

how the load is transferred to the soil along the length of the bar. 

Additionally. several tiebacks were loaded to one and one-half their design 

load and locked in place. The load cell was then monitored for several weeks 
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to determine if any creep problems occurred. Further research on these 

tiebacks will be conducted where creep will be monitored for as much as two 

years. 

LOAD DISTRIBUTION UNDER RETAINING WALLS 

Because of the large amount of retaining walls in the Canyon, fine tuning of 

the design methodology promises big cost saving for this corridor alone. 

Basic research into load distribution under these walls may help to refine the 

design model for more economical foundations.
9 

The large quantities of 

walls yet to be built in the Canyon translates a small refinement into big 

cost savings. 

Previous testing in Glenwood Canyon indicated that the load on the foundation 

of the retaining walls were far less forward than the design models 

predicted. This was true for both the twin-T cantiliver rigid system and the 

flexible wall system. Based on these indications, a comprehensive study was 

instigated to measure the load distribution under these walls. In one area in 

the Canyon where access is restricted, tie-downs could be required if present 

design model values for load distribution are correct. Elimination of the 

tie-downs would result in sUbstantial savings. 
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The on-going study involved installing soil pressure cells under both rigid 

and flexible retaining walls being constructed in the Canyon. The cells were 

placed at various distances from the face of the walls to establish the 

distribution of the load over the wall. Since the usual simple models used 

cannot consider the reaction of the numerous faces of the twin-T type 

retaining wall, (See Figure 10) a finite element analysis is being conducted 

to better model the retaining walls. Results of this analysis will be 

compared to the monitoring data to demonstrate the additional accuracy of the 

more detailed model. This study will be used to either justify the current 

design or substantiate an alternative cost effective design. 10 

COMPACTION GROUTING OF TALUS SLOPES 

In several locations in the Canyon, bridge piers and abutments had to be build 

on the many talus slopes. Although these talus slopes are composed mostly of 

hard rock, the tremendous amount of voids in these deposits impose a 

settlement problem, especially when the loads are large as in the case of 

bridge abutments. Conventional methods of abutment support such as driven 

piles and caissons were not economically feasible. Pile driving through this 

hard rock would not be possible and drilling through the rock for caissons 

would be cost prohibitive. The use of spread footers and compaction grouting 

to stabilize the talus was considered as the only reasonable alternative and 

was selected. 
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Compaction grouting is the process where low-slump grout is pumped into the 

soil at high pressures in order to squeeze the matrix into a more compact 

mass. The primary purpose is to compact the soil and not to fill the voids 

although some does occur. For this project, the grout composed of fly ash and 

cement was injected at up to 1000 pounds per square inch at depths ranging 

from 10 to 50 feet. For the area where the injection was shallow, a surcharge 

was placed before the drilling to insure that compaction would result. 

Effectiveness of the process will be measured with a Menard pressure meter 

(See Figure 11) which measures the bearing capacity of soil in a drill hole. 

Although compaction grouting has been used to some degree in other areas, it 

has never been used on talus and, therefore, its effectiveness was not 

certain. Research and testing was intended to answer that question. 11 

Initial and final test results indicated that the ground densities improved 

more than 3 times the original values. Therefore, it was felt that this 

method would be effective on the talus material of Glenwood Canyon. 

DRIVEN ANCHORS TO STABILIZE COLLUVIAL SLOPES 

A research study in the Canyon dealing with the stabilization of numerous 

colluvial slopes, investigated the feasibility of using driven re-bars to 
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stabilize these slopes.
12 

Two sizes and various lengths of re-bar were 

driven into a test slope in the Canyon. Using a pull-jack the re-bars were 

pulled from the slope and their resistance to pullout was measured. 

The application of driven soil anchors, or soil nails, for slope stability and 

retaining wall anchorages depends on the ability to drive them. This study 

demonstrated that they could be driven into granular soils and colluvium. It 

may also be possible to drive nails into medium talus debris of tabular shaped 

rock fragments. Because of their unprotected exposure to potential corrosive 

agents, soil nails have a limited useful life. Over-designed diameter sizes 

would extend their usefulness, however, corrosive activity would dictate this 

design decision. In general, it appears that soil nails would best be applied 

to temporary construction activities. 

REMARKS 

The above discussion refers to formal research projects consisting of a well 

documented work plan and reporting schedule. Day to day activities take place 

continuously to solve immediate problems including those investigations unique 

to the Glenwood Canyon project. At times the line between research and 

project investigations is very narrow. For example, a full scale retaining 
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wall was built and surcharged to test the bearing capacity of the talus 

slopes. (The usual triaxial testing of a soil sample in the laboratory was 

not feasible because of the size of the rocks in the mass.) Is this research 

or project testing? other investigations into landscaping, tunnel design, and 

bridge pier design were performed out of necessity on the project, but may 

have qualified for formal research. Possibly the only difference between 

project investigations and formal research could be the reporting and national 

distribution of a research study. In Glenwood Canyon, those investigations 

that could have implications in other areas were generally classified as 

research, whereas, those with applications only with the Canyon were 

classified as project investigations. It is only at meetings and seminars 

that all investigations are presented toward an advancement of the state of 

the art. 

IMPLEMENTATION 

Findings from the experimental features discussed in this report will be 

incorporated primarily on the Glenwood Canyon construction projects. In many 

instances, the knowledge gained during the construction of these items has 

been used in subsequent installation on the construction project. Long-term 

findings are beginning to be incorporated on other projects in the Canyon and 

throughout Colorado. 
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The fabric retaining wall feature has been designed and construction on two 

sections of the detours in Glenwood Canyon. These projects have resulted in 

an economic savings of over $4 per square foot of facing on these 16 foot high 

walls. As experience and long-term performance is monitored on installations 

such as these, greater economic benefits and confidence in performance will 

result in more permanent sites being designed and constructed. 

The Soil Tieback feature for retaining walls was found to perform 

satisfactorily. However, the variability in construction procedures has 

suggested the use of performance specifications in the design. Under this 

concepts, the contractor will be responsible, on an individual site basis, to 

determine the construction sequence and loading requirements for the tieback 

bars. Long-term performance or possible degradation of this process is yet to 

be determined, however, the economic savings indicates that the cost 

effectiveness of this system will be worthwhile. 

The Load Distribution Studies made under retaining walls have indicated that 

conventional designs are quite conservative. As data continues to be 

analyzed, it is estimated that future wall footings may be reduced in size, 

vertical tie-downs may be reduced and specifications for backfill requirements 

may be revised. since approximately one-fourth of these walls are currently 

built in Glenwood Canyon, substantial savings may be realized. 
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The results from the compaction grouting of talus slopes has resulted in a 

learning experience towards a definite solution to a specific problem area. 

Using this grouting procedure in areas of structure footings is estimated to 

result in a 50 + percent savings over conventional caisson or pile driving 

procedures. with the high void content talus slopes located in many areas of 

the canyon savings are estimated to be substantial --- up to $25,000 per 

footing. 

As these studies proceed and data analyzed, implementation of the results will 

continue. This should result in a cost-effective design, a better 

construction technique of final product or in some cases, the avoidance of 

untried construction procedures. 
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Figure 1. HEAT PIPE DESIGN RECOMMENDED FOR THE GLENWOOD SPRINGS 
GEOTHERMALLY HEATED BRIDGE 
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Figure 2. TYPICAL SNOVI EVENT WITH AN ICE COVERED CONTROL SECTION 
AND WET HEATED SURFACES . 

Figure 3. GEOTHERMAL WATER DEPOSITS I N HEAT PIPE EVAPORATOR 
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Figure 4a. FABRIC RETAINING WALL. 
FIRST PHASE OF CONSTRUCTION CONSISTS OF PLACING 
FABRIC AND BACKFILL MATERIAL FOR "SANDWICH" LIFT . 

Figure 4b. FABRIC RETAINING WALL. 
WOOD FORMS AT WALL FACE PROVIDED SUPPORT UNTIL 
FABRIC IS TIED INTO NEXT LIFT. 

-26-
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Figure 40. 

Figure 4d. , 
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FABRIC RETAINING WALL NEARING COMPLETION. 
HORIZONTAL SLOPE INDICATOR TUBES EXTEND OUT OF WALL 
FACING. VERTICAL SLOPE INDICATOR TUBES ARE LOCATED 
IN FRONT OF WALL. 

F ABRI C RETAINING WALL BEING SHOT WITH GUNNIT CONCRETE 
FACING TO PROTECT FACING FROM ULTRAVIOLET DETERIORATION. 
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Figure 5. REINFORCED EARTH RETAINING WALL DURING CONSTRUCTION. 
GALVANIZED STEEL STRIPS ARE ATTACHED TO PRECAST l<1ALL 
AND PLACED WITHIN THE EARTH'S BACKFILL 

Figure 6. RETAINING WALL DURING CONSTRUCTION. l..TIRE MESH MATS ARE 
ATTACHED TO WALL AND PLACED WITHIN EARTH'S BACKFILL. 
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Figure 7. COMPLE.TED $ECTION. 
FLEXIBLE EETAINlNG WALL WITH FULL HEIGHT rASCIA PANEL. 

FiguJi'e 8. T"wO-PHASE WALL SHOWING FACE WITH WOOD SUPPORT POST, STEEL WIRE 
MESH AND FABRIC FOR EMBANKMENT RETENTION. SECOND PHASE - PRESENT 
P ANEIS, WILL BE· ATTACHED TO METAL SLIPS AFTER PRIMARY SETTLEMENT 
TAKE PLACE. 
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Figure 9a. SOIL TIEBACK RETAINING WALL. 
STRAIN GAGES MOUNTED ON TIEBACK BARS WERE MONITORED 
AS INCREMENTAL LOADS RESULTED IN YEILD OR FAILURE. 

~igure 9b. CLOSEUP OF SOIL TIEBACK RETAINING WALL ANCHOR. 
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I 

Figure 10. TWIN-T RETAINING laJ'ALL USED TO MEASURE LOAD DISTRIBUTION 
ON FOOTING. PRECAST TIS ARE SLID OVER LONG STEEL BARS 
AND POST TENTIONED AT TOP OF WALL. 
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Figure 11 a. COMPACTION GOUTING 
OF TALUS SLOPES. 
OUTER PIPE USED AS 
COUPLING FOR GROUTING , 
PRESSURE METER PIPE 
WITH WATER HOSE 
INSERTED TO MEASURE 
DENSITY VALUE. 

Figure 11b. PRESSURE METER TEST 
DEVICE USED TO 
MEASURE CHANGE IN 
DENSITY OF THE TALUS 
MATERIAL. 
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