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I. Intrcduction 

It is planned to design and start construction of two colliding beam 

experimntal areas on the main ring in the Fiscal Year 1981, starting October 1, 

1980. One area will be built at the BO long straight section, and the other 

most likely will be at the DO long straight section. 

Each colliding beam area consists of a collision hall, an assembly hall, 

and a supmztbuilding. The collision hall is an underground structure, with 

the floor level roughly 42 ft. belaw the grade level. The inside width is 

45 ft., and the length is roughly 120 ft. 

InFiscal Year1981,wewouldlike tobuildthemainstructureof the 

collision halls. There will be a shutdown of four and one half months during 

the sm-m~r of 1981. Duringthattim,wehave tobuildthemainstructure and 

reinstall the main ring, ready for operation. Out of four and one half months, 

one month will be allocated for the restoration of the main ring parts. There- 

fore, leaving only three and one half mnths for construction. 

Inourpreliminary studies, we have tried to make schedules to meet these 

constraints, asstig conventional construction mathods will be used, namely 
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excavating large areas. To excavate large areas, sheet piling would be neces- 

sary, as well as back filling, increasing the time of construction. It has 

turned out that it is not easy to maet this schedule without a lot of incen- 

tives and overtima. 

We have learned of a relatively new construction technique, called the 

slurry wall method (also called the diaphragm wall), which has been applied to 

many underground structures relating to high rise buildings in downtown Chicago. 

This technique was used there mainly because the ground is soft, and they could 

not excavate deeply without affecting the nearby tall buildings. Using this 

md3md, walls could be built even while the main ring is running. This cuts 

dawn the necessary shutim time for construction. Thus the whole construc- 

tion could mDre easily be done in the specified time. 

The following describes the slurry wall method: its marits and associated 

problems. 

II. Slurry Walls for Underground Structures 

The use of slurry walls as a solution to construction problems has in- 

creasedgreatly in the past20 years. lf2J3) The technique was originated in 

Europe shortly after World War II and has since spread world wide. At first 

the technique was considered very specialized, and very few contractors were 

able to do slurry wall construction. Popularity of slurry walls has increased 

the number of foundation contractirs who are able to build using the slurry 

technique, although the market is still dcminated by the earlier more estab- 

lished contractors. The increased popularity of slurry walls has made the 

market much more competitive than it once was. 
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The slurrywalltechniqueis stillarelativelynewand innovativemthod 

ofbelow-groundconstruction. The slurry wall system is very versatile and 

has been used in a number of varied projects where ground conditions have been 

very gcod, as well as difficult. 

The construction of slurry walls is actually a very simple process, in 

principle, when the soil and ground water conditions are favorable. The steps 

are as follows: 

1. Digging a trench as long as one wall panel to a depth of 3 to 5 ft. 

which is lined with reinforced concrete guide walls, 8 to 12 in. thick 

and spaced approximately 2 in. more than the required thickness of 

the slurry wall. The trench is filled with a bentoni-& slurry. 

2. Bentonite arrives at the construction site in a bulk, dry pm&red 

form where it is mixed with fresh water to form the slurry. E3entonite 

when mixed with fresh water swells to seal and stabilize the soil 

arounditcreatinganimperviouswallwhich stips further seepageof 

ground water. The water also produces a viscosity that suspends 

pollutants for removal when the slurry is purqed off. 

3. The trench for the slurry wall is next excavated with special digging 

buckets. During the excavation the trench is continually kept filled 

with slurry to stabilize and seal the soil around it. The excavation 

is done in different panel lengths according to soil conditions and 

the equi-t used, usually 5 to 10 ft. 

4. If a reinforced concrete wall is necessary, a prefabricated reinforce- 

ment cage is lowered into the trench through the slurry. The rein- 

forcemantcages are the sam length as the panels thatareexcavated. 
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The construction joints at the ends of the panels are formedbya 

greased end pipe or wide flange steel beam which can also serve as 

reinforcement for the wall. 

5. The concrete is placed by the tremie method (or put-~&) into the 

trench, and the slurry is puqed off to be used for the next panel. 

6. The concrete will cure in the ground and take on the form of the soil 

around it. If end pipes are used at joints, they will be removed 

before concrete sets. 

7. The interior of the wall structure is excavated, and if necessary, 

will be tied back by rock anchors or ties grouted into very stable 

soil. 

If necessary, piles can be driven through the slurry for extra wall sup- 

port* Ducts or other openings can also be cast into the panels by providing 

spacers in the reinforcemant cage which will prevent the concrete fram flowing 

into that area. Conceptual steps are shown in diagram at end of paper. 

The engineering design of a slurry wall rests not only in the soil condi- 

tions but also in the lateral pressures and hm they are distributea. A soil 

pressure diagram must be develoFd by a qualified soils engineer who is able 

to consider the different types of soil and anaount of ground-water present at 

the site. Using the pressure diagram, the engineer is able to design the wall 

(thickness, reinforcing cage, etc.) in relation to the excavation and instal- 

lation mathods used by the contractor. 

Generally, the ground-water level has the greatest influence on the sta- 

bility of the trench during excavation. The slurry, therefore, must be kept 

at the proper level in the trench. The bentonite forms a sealing filter cake 
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m the walls of the trench, while the hydrostatic pressure of the slurry is 

the major stabilizing agent. We do not expect any ground-water problem around 

the main ring if rains are not unseasonally high. 

Themst mm-on applications of slurry walls are in underground projects, 

shming theseproblems: 

1. Very often there is a ground-water problem, 

2. Adjacent structures which must not be disturbed during construction, 

3. The noise and vibrations frcm driving sheet piling is not acceptable, 

and 

4. The site is composed of difficult soils. 

Slurry wall is very cormonly used as a seepage barrier where migration of 

fresh water or contaminated water could be critical. In this case, the wall 

my not be exposed but rather r emains as acutoffintheground. 

The slurry wall has also been very successfully used as a basement bearing 

wall and earth/ground-water retention wall in the Chicago area where the soil 

around the lake is very difficult. Sears Tower,WaterTowerPlace, the Stan- 

dard Oil Building, and the CNA Building are very well known buildings in 

Chicago that have utilized the slurry wall for their basement structure. 

For the Water Tower Place project, the slurry wall was constructed be- 

tween the perimeter caissons that support the foundation of the building. The 

Standard Oil Building perimater slurry walls are supported on H Piles that 

were driven through the slurry to the base of the trench. No loss in trench 

stability was noted from the vibrations caused while driving the piles. The 

wall was further tied into the soil by an anchoring system. The tmer at 

Standard Oil is supported on caissons. 
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Inallprojectsmentionedabove, the slurrywalls serve as permanent 

basement walls and required very little surface treatment. There have been 

no problems with leakage through joints or elsewhere in the walls. 

Slurry walls have been successfully used for other projects: the Hu&er 

Dridge in mgland, the Wolf Creek Dam in Kentucky, several subways through- 

out the world, and the cities of Chicago and San Francisco sewage treatment 

centers. 

The slurry wall technique causes minimal disruption of the surface, ground 

mvemnt, construction noise, and vibration: it eliminates underpinning of 

adjacent structures and provides a cutoff for ground-water permanently as well 

as during construction. Lastly, recent increased usage has advanced slurry 

wall technology and created a more competitive construction market. 

III. Mvantaqes of Slurry Walls Applied to Collision Hall 

1. 

2. 

3. 

Necessary shutdcwn tine of the main ring for construction can be 

shortened because the walls can be mde while the main ring is running. 

Only the area within the slurry walls needs to be excavated. This 

eliminates the use of sheet piling to hold back existing structures, 

eliminatingdamge tothenearbyB0 servicebuilding. 

There should not be any major water problems. The slurry walls will 

be extendedapproxim tely 10 to 20 ft. below the floor level into 

impermeable hard clay, preventing outside water from seeping under 

the floor. There is also no need for granular fill outside the walls, 

which collects water, creating hydrostatic pressure in usual con- 

structionmethcd. Also, the slurry wall seals off water by its 

nature. 



TM-985 
2200.000 

-7- 

Granular fill under the floor and smalls~mrppmp systeminside the 

wall will most likely be necessary. 

4. The overall construction cost is corcparable to that of the conven- 

tionalmthcd for this size construction job. The cost of excava- 

tion per cubic yard is higher with the slurry wall n&hod, but the 

total volume for excavation is reduced. The unit cost of slurry 

wall is based on the specific methcd used. The slurry wall tech- 

nique eliminates 0th~ expenditures, including sheet piling, repair 

to other buildings, perimeter sq pq system, and granular back 

fill. 

5. If necessary, the roof of the collision hall can be made before 

excavation is begun, increasing construction costs but allowing the 

main ring to run longer. Othemise,theroofwouldbeconstructed 

intheconventionalmethod. 

6. For a contractor familiar with the construction methods for slurry 

walls, the construction phase may be simplified. 

Iv. Problems to be Considsed 

1. Joint at floor and walls. The floor could be tied to the walls, if 

necessary, but probably the floor will be a floating slab. The walls 

will bear the weight of the ceiling and the berm, which weigh approxi- 

mately 6,000 short tons. The floor will bear the total weight of 

the detectors, which may be 3,000 to 5,000 tons. Because of this 

great load, it is best to keep walls and floor independent. As 

noted above, water leakage at the floor and wall joint should not 

be a problem 



TM-985 
2200.000 

-8- 

2. The surface finish may not be smooth, but it may be appreciated as 

natural as thewooden formfinishof theFermilabHigh Risebuilding. 

3. The major excavation will take place frcxn inside the slurry walls, 

causing work to be slmer and nrlre costly. The existing tunnel and 

floor would then be removed in sections. The inside volume is about 

10,000 cubic yards. If the rate of excavation is 400 cubic yards/ 

8hours,amiti of 25 working days is necessary. This work could 

be done with two shifts, if needed. 

4. The wall thickness will be 2 to 3 ft. The floor depth from grade is 

qpmximately 42 ft., and the total height of the slurry wall will 

be approximately 48 ft. The slurry walls at Sears Tower have the 

total depth of 45 ft. and at the Water Tmer Building, 44 ft. One 

method reccxrmanded is to use H-beams along the walls, which would be 

driven into the clay and extend up into the walls to be used as part 

of the reinforcmt system. 

5. The extent of the vibrations caused when driving the H-beams should 

be considered because of its effect on the main ring, which might 

possibly be running during this phase of the job. 

V. Conclusion 

It appars that the slurry wall technique could be successfully applied 

for the construction of the colliding beam experimental areas at Fermi- 

l&,both economically and technically. The necessary shutdown time and 

water problem associated with construction would also be relieved. If 

this method should be adopted, a cxnnplete engineering study would be 

perfom to eliminate any assuqtions and estimations. 
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Dr. S. A. Gill of Soil Testing Service, Northbrook, Illinois, for his instcuc- 
tive discussions. 
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