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happens if 
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not to 
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ADVANTAGES
QUICK – 3 man crew averages 4 to 8 manholes per day in just one set up

WATER TIGHT – seamless shell withstands ground water pressures >100’

STRUCTURAL – combination of strength and thickness restores full value

COST EFFECTIVE – $1,000 to $1,500 per average manhole

VERSATILE – low tech hand spray-trowel or high tech precision placement with spincaster

EASY TO INSPECT – wet gage thickness and C-109 cube test

CORROSION RESISTANT – option: type of cement or special MIC additive

EASE OF ACCESS – equipment easily transported to remote sites

ADAPTIVE – *any diameter   * any depth     * any shape

SMALL FOOTPRINT – compact equipment in one traffic lane

NON-DISRUPTIVE – sewer flows can be active or internally diverted

PREPARATION – pressure wash and surface can remain wet
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• Polymeric Coatings and Liners (bonded) 

• Epoxy resins

• Fiber-reinforced epoxy resins

• Polyurethane resins

• Polyurea resins

• Engineered Cementitious Liners (bonded)

• Portland cement mortars

• Micro-silica mortars

• Calcium aluminate mortars
• Composite Liner/Coating Systems (i.e. epoxy resin coating 

over cementitious liner)

• Shell Liner Systems (un-bonded sleeve type liner; such as 

CIPP, Polyurea, and Polyurethane)

• Cured-in-Place thermoset resin liners

• Polyurethane resins

• Hybrid polyurea resins

• Polyurea resins

Manhole Rehabilitation Materials:



What are the loads acting on a vertically-oriented, buried cylinder?

Soil loads… and how they vary w/ depth

PH= hK; per Rankine



Results reported by Kim (2013) obtained from full-scale field 

testing done on cylindrical shafts confirmed the following:

1.The magnitude and the distribution of the lateral earth pressure 

acting on a vertical circular shaft is not linearly increasing with depth.

2.The impact of the coupled three-dimensional arching effect 

significantly reduces the lateral earth pressure acting on the shaft. 

The maximum reduction is approximately 80%. Therefore, a 

commonly used method like the Rankine theory for calculating the 

lateral pressure on these type structures can substantially 

overestimate the lateral pressure in real world situations.

3.The arching effect is generally more significant for deep excavation 

depths than for shallow excavation depths.



Pitt noted on moment inducing loads….

"The most common and possibly the only source of moment inducing loads on 

vertical structures such as manholes is from traffic passing near the structure. 

The obvious load is a wheel on the lid. A simple calculation shows a 10,000 lb. 

wheel load induced stress along the axis of a one-half inch thick ring demands 

about 270 psi compressive strength. Both of the mortars used in this research 

can develop such strength in a few minutes.

Of more significance to these structures are horizontal stresses transmitted 

through the soil. Pavement reduces the problem by dissipating vertical stress on 

the soil. Burmister developed a means of computing stress dissipation which is 

dependent on geometry and modulus of the soil and pavement materials. 

Spangler's solution for lateral surcharge stresses on a vertical wall can be 

applied if it is assumed the wall is replaced by an imaginary plane intersecting 

the tangent of the cylindrical manhole."



Concrete Pavement

Asphalt Concrete

Gravel Road



Hydrostatic loads…



Axisymmetric Loads

Radial stress. Symmetric to the axis of a manhole, can result from soil or water

or a combination of both. …. Soil around aged structures has developed cohesion

which can easily eliminate lateral pressure."

In Pitt's design example he concluded that a rehabilitation for the combined effects

of traffic and maximum potential hydraulic head after seven days of curing would be

as follows in his Table 8…



Putting the loads together and into proper context…

Soil Hydrostatic

0

30



Can the ASTM F1216 Design Appendix be used?

Uniform loading condition 

of the ASTM F1216 

Design Appendix…

Linearly increasing loading

condition on a vertically-

oriented cylindrical shaft…



1. Assess the current condition on both the inside and outside of the manhole
1. Type of construction
2. Level of any wall loss
3. Corrosive gases found within the manhole's environment
4. pH of the wall surfaces
5. Evidence of microbiological corrosion organisms
6. Condition of the soil surrounding the manhole structure
7. Observed infiltration through the wall

1. Depth to the phreatic water surface
2. Characterization of any observed water entering through the manhole wall

8. Surface conditions
1. Live load
2. Type of pavement

2. Analyze the conditions found and define the needed performance parameters of the 
rehabilitation system(s) to be employed

1. Design life requirements
2. Service life expectations

3. Select the applicable rehabilitation solutions based on their estimated wall thickness and;
1. Performance parameter requirements
2. Cost of the applicable alternatives

1. Design Life requirements
2. Estimated Service Life of the alternative

3. Selection of the most cost-effective rehabilitation solution(s)

4. Confirm the wall thickness parameters of the selected cost-effective alternative(s).
5. Establish the QA testing parameters to insure the design will be achieved in the field. 

Manhole Rehabilitation Design Steps



In conclusion…

Bonded liners do not warrant site specific wall thickness designs for 

routine installations…

pH >7.0 3< pH<7 2<pH<3 pH ≤ 2 0<H<5' 5'<H<15' H > 15'

CML – Type 1 Yes Yes 0.50" 0.75" 1.00"

CACML Yes Yes Yes 0.50" 0.75" 1.00"

CML+Epoxy Yes Yes Yes Yes 0.50/0.100 0.75/0.100 1.00/0.100
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This concludes the education portion of 
this session.

Discussion and Q&A

Thank you!


