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1.0 INTRODUCTION 
This specification provides the minimum requirements for designing field-poured and 
precast reinforced concrete structures in Con Edison electric distribution network 
including but not limited to manholes, vaults and service boxes 

  

2.0 APPLICATION  
This specification is applicable to all Con Edison electric operating districts.  

 

3.0 REFERENCES  
 

3.1  Industry Standards and Codes   
3.1.1 ACI 318-08 (Building Code Requirements for Structural Concrete) 
3.1.2 ACI 347-04 (Guide to Formwork for Concrete) 
3.1.3 ACI 370 R-14 (Report for the Design of Concrete Structures for Blast 

Effects) 
3.1.4 ASCE 7-10 (Minimum Design Loads for Buildings and Other 

Structures) 
3.1.5 ASTM 857-14 (Standard Practice for Minimum Structural Design 

Loading for Underground Precast Concrete Utility Structures) 
3.1.6 ASTM 858-09 (Specification for Underground Precast Concrete Utility  

Structures)   
3.1.7 Guide for Vehicle Weights and Dimensions –Executive Committee 

(2003-2004)  
3.1.8 NYC Building Code (2014) 
3.1.9 NYS Building Code  
3.1.10  AISC Steel Construction Manual 14th Edition 

 
3.2   Con Edison Electric Operations Specifications 

EO-1008   Plain and Reinforced Concrete 

EO-1103  Guidelines for Underground Vault Installation in High Water 
Table Areas 

     EO-100205  Purchase Recommendation for Water-stop Material for 
Watertight Concrete Joints  

http://distribution/
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4.0  DEFINITIONS  

 
4.1 A manhole/service box is an underground structure which houses the 

Company’s distribution electric cable splices. 

4.2 A vault is a structure that houses the Company’s distribution transformers.  
Vaults could be located above or below ground, and also inside or outside 
the customer premises. Vaults located below roadways are known as 
transformer manholes (TM). 

5.0 DESIGN LOADS 
Hereafter is the list of minimum applicable loads required for designing the structures 
that are subjects of this specification. 

 
5.1  Dead Load (DL)  
The dead load consists of the self-weight of the entire structure as well as any 
other static loads imposed on the structure.Table-1 lists the unit weights of some 
common construction materials. 
 

Material Unit Weight lbs./ft3 
Dry Soil (packed sand and gravel) / Earth Fill 110 
Wet Soil ( sand and gravel wet) 120 
Submerged Soil (Sand or gravel and clay) 65 
Water 62.4 
Pavement–(concrete or asphalt) 144 
Concrete (reinforced, normal weight) 150 
Cast Iron   450 
Steel 490 
Macadam 140 

Table 1- Materials Unit Weights 
 
A minimum additional dead load of 1 foot of accumulated water shall be 
considered in the design of all structures. 
 
5.2  Live Load (LL)  
The live load consists of dynamic loads such as vehicles, pedestrians and the 
weight of movable objects such as distribution equipment. 

 
5.2.1 Roof Live Load For Underground Structures 
a. The surface live load shall be considered as one of below listed cases 

which generates the maximum internal stresses: 

http://distribution/
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(1) Uniform load of 600 psf.  
(2) AASHTO HS-20 Wheel Load.  

See Figure 1 in Appendix for details including magnitude, spacing, 
and footprint of the load. 

b. The live load defined in 5.2.1.a. (2) shall be increased to sustain the 
effect of impact at roadways, sidewalk and driveways. 
See Table 2 for details. (Ref.3.1.5) 

 

 

 

 

 
Table 2 - Impact Factors 
 
Note: Impact loads do not need to be included in the design of the 
footings or piles. 
   

c. Distribution of wheel load through earth fill:  
Wheel loads shall be distributed below ground level as a 
truncated pyramid in which the top surface is the wheel load area 
with a distributed load area as shown in Figure 2. When several 
distributed load areas overlap, the total load shall be considered 
as uniformly distributed over the area defined by the outside 
limits of the individual areas as shown in Figure 3. 
 

5.2.2 Roof Loads for Aboveground Structures 
The loads shall include snow, drift, and/or any other applicable loads as 
defined per local and municipal codes. 

 
5.2.3 Equipment Live Load 
Equipment live load includes the weights of transformers, network 
protectors, and other equipment. 

 
Table 3 lists the weight and load footprint of transformers and network 
protector. For other types of equipment refer to the manufacturer manuals.  

 
 
 

Roof Slab Depth below Grade 
(in.) 

Percent  Increase 

0-12 30% 
13-24 20% 
25-35 10% 
=>36 0% 
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Table 3 - Equipment Load 

Note: 1) The equipment on the floor shall be considered in a location 
that generates the maximum internal stresses. 2) When analyzing the 
lateral system of a building that houses the equipment, the equipment 
weight shall be considered as dead load. 

5.2.4 Blast Loads (BL) 
a. A uniform blast load of 600 psf shall be applied to all the vault 

elements including walls, roof, and floor slab, except for the elements 
permanently exposed to soil pressureh. 

b. The following load combination shall be used where the blast load is 
applicable: 1.2DL + 1.0LL + 1.2BL  
 
 

5.3  Earth Pressure Load   
All underground structures retaining earth fills and/or groundwater shall be 
designed for the equivalent hydrostatic pressure (Figure 8). Unless otherwise 
recommended by the geotechnical report, the following procedure shall be 
followed.   

 
5.3.1 Pressure from Horizontal Soil Surfaces (above Groundwater 

Level)     
The earth pressure distribution can be approximated by a hydrostatic 
pressure distribution .The lateral earth pressure at a point on the wall of 
the structure above the groundwater level is given by the following:  

Ps = 𝐾𝐾𝑎𝑎 ∗ 𝛾𝛾𝑠𝑠 ∗ 𝐻𝐻  

       Where: 
                 Ps      = horizontal pressure, (lbf/ft2) 

      Ka         = coefficient of active earth pressure 
                = (1 − sin( ∅))/ (1 + sin( ∅))     

Equipment 
Type Weight  Load Footprint 

500 KVA 15,000 lb 2’ x 4’ 
1,000 KVA 25,000 lb 2’ x 4’ 
2,000 KVA 40,000 lb 3.5’ x 4.5’ 
2,500 KVA 40,000 lb 3.5’ x 4.5’ 

Stand Alone 
NWP 3,500 lb 2 square feet  

http://distribution/
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Note: For Con Edison EO standard use Ka = 0.33  
                      ∅ = angle of internal friction of the soil (deg.) 
                𝛾𝛾𝑠𝑠 = unit weight of the soil, (lb/ft3) 

H = distance from the ground level to the point on the wall under          
consideration (ft.) 

 
5.3.2 Pressure from Horizontal Soil Surfaces (below Groundwater          

Level)  
Below the groundwater level, the pressure acting on the structure will 
consist of the hydrostatic pressure and the horizontal pressure resulting 
from the weight of the submerged soil.  

 
a. The hydrostatic pressure can be calculated using:  

𝑃𝑃𝑤𝑤 = 𝛾𝛾𝑤𝑤 ∗ 𝐻𝐻𝑤𝑤 

   Pw      = hydrostatic pressure, (lb/ft2)  
   𝛾𝛾𝑤𝑤      = unit weight of water, (lb/ft3) 

Hw  = distance from the groundwater level to the point on the wall     
under consideration (ft.) 

 

b. The horizontal pressure from the submerged soil at a point on the 
structure below the groundwater table is given by the following:  

𝑃𝑃𝑆𝑆 = (𝛾𝛾𝑠𝑠 − 𝛾𝛾𝑤𝑤) ∗ 𝐾𝐾𝑎𝑎 ∗ 𝐻𝐻𝑤𝑤 

 See sections 5.3.1 and 5.3.2 for the variable’s definition 
 

5.3.3 Pressure from surcharge loads  
     Earth Pressure from surcharge loads is given by the following: 

𝑃𝑃 = 𝐾𝐾𝑎𝑎 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿  

       See Section 5.3.1 for variable definition 
 

5.3.4 Pressure from Wheel Load  
The surcharge pressure resulting from the wheel load is given by the 
following: 

 
𝑃𝑃 = 0.005 ∗  𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑝𝑝𝑝𝑝𝑝𝑝 𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 
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5.4  Other Loads  

5.4.1 Where applicable, all other type of loads (earthquake, wind, snow 
etc.) shall be considered in the design of the structure. 

5.4.2 Lifting Inserts  
Lifting inserts are devices embedded or otherwise attached to the precast 
structures that shall be designed and manufactured to support a 
concentrated load equivalent to four times the maximum load transmitted 
to the insert. The loads imposed at the lifting points shall be considered in 
the design of the structure.  

 
5.4.3 Buoyancy Effects 
Structures exposed to groundwater shall be checked for buoyancy effects 
considering only the self-weight of the structure and a safety factor of 1.2.  

 

6.0  DESIGN METHODS  
6.1 All concrete structural design calculations shall be performed in 
accordance with ACI 318 and other applicable codes listed in Section 3.1. 

 
6.2 All steel structures design calculations shall be performed in accordance 
with AISC Steel Construction Manual and State/local codes listed in section 3.1. 

 

7.0  DESIGN GUIDELINES 
 

7.1 Concrete 

7.1.1 Strength of Concrete  
Concrete mix design shall comply with the requirements of EO-1008 and 
Class 1 concrete defined therein. 

 
7.1.2 Reinforcement Rebar Detailing and Protection 
Rebar detailing and minimum concrete cover for reinforcement bars shall 
be as defined in ACI 318. 
 

7.2  Steel  
The following ASTM designations shall be used for the corresponding structural 
shapes. 

 
 
 

http://distribution/
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Structural 
Steel Shapes  

ASTM 
Designation  

Steel Type  Min Fy (ksi) 

W (common 
beams/columns) 

A992 High 
Strength 

Alloy 

50-65 

A572 Gr. 50 50 
C, MC 
(channels)  
L, (Angles), 
Plates 

 
A36 

 
Carbon 

 
36 

 Note:  For ASTM designations of other structural steel shapes refer to the 
AISC Steel Construction Manual, as listed in section 3.1. 

7.3  Allowable Soil Bearing  Capacity 
7.3.1 For Con Edison customer installation, the designer shall provide the 

geotechnical reports for the foundation type and the soil bearing 
capacity for review by Con Edison.  

 
7.3.2 For internal Con Edison design, the allowable bearing pressure 

values shall be taken from Table 1804.1, the NYC Building Code 
as referenced in Section 3.1. Conservatively, unless organic silts, 
organic clays, peats, soft clays, loose granular soils, varied silts, 
controlled and uncontrolled fills are encountered, a value of 1.5 tsf 
may be used for the soil bearing capacity. 

8.0  WALL DESIGN 
 

8.1 Design Methods 

All manhole and vault walls shall be designed using one of the following methods 
depending on the structure’s geometry and layout: 

 
8.1.1 Horizontally Reinforced Rigid Frame Method 
In this method the frame is analyzed using conventional indeterminate 
structural techniques. For rectangular rigid frames, mid-span moments 
and corner moments are calculated using the coefficients for each 
moment, given in Figure 4 to Figure 6. 
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8.1.2  Vertically Supported Reinforced Structure Method 
In this method the wall is analyzed as a simply supported strip with a 
height being equal to the headroom of the manhole plus half of the sum of 
the floor and roof thicknesses. This method requires a roof connection that 
can adequately carry the wall lateral reaction and all applicable vertical 
loads. 

 
8.1.3  Combination of a Horizontally Rigid Frame and Vertically 

Reinforced Designs 
When dictated by specific conditions, such as major openings, a 
combination of 8.1.1 and 8.1.2 shall be applied. 

 
8.2  Wall Limitations 

8.2.1  All new field-poured vertically reinforced vaults and manholes shall 
have a minimum wall thickness of 7 inches (8 inches if cast against 
the soil.) 

8.2.2  All new field-poured horizontally reinforced rigid frame type vaults 
and manholes shall have a minimum wall thickness of 8 inches (9 
inches if cast against the soil.) 

8.2.3  Partition walls in field-poured vaults shall have a minimum thickness 
of 10 inches to provide adequate bearing support for roofs. 

8.2.4  Where watertight construction is required, structures shall be 
constructed as the following: 

8.2.4.1 The walls shall be monolithically poured with the floor slab. 
8.2.4.2 The minimum distance for construction joints (if needed)    

shall be at the greater of the following locations:  
• 12 inches above the top of the floor level. 
• 12 inches above the groundwater level. 

    A water stop shall be inserted at this location as shown on Figure 7.  
8.2.4.3 A minimum wall thickness of 12 inches is required for all 
field poured vault construction.  

 

9.0  ROOF DESIGN 
 

9.1 The roof steel beams shall be designed as simply supported members. The 
design span shall be taken as the clear span plus a minimum of eight inches 
or half of the add wall thickness. 

9.2  With the exception of service box structures, the minimum thickness of 
precast and field-poured roofs shall be 6 and 8 inches respectively.  

http://distribution/
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10.0 FLOOR DESIGN PROCEDURE 
The following procedure shall be used in the design of reinforced concrete floors for 
field-poured and precast manholes and vaults. The floor design shall be consistent with 
the geotechnical report and foundation recommendation. 

10.1 Slab on Grades 
When maximum pressure resulting from all applicable loads does not exceed soil 
bearing capacity as defined in Section 7.3, a slab on grade design can be 
considered. In this condition, the floor slab shall be designed as being capable of 
resisting an upward uniform force resulting from total dead plus live loads 
(excluding floor self-weigh and equipment weight, if the equipment is not 
suspended from the walls) divided by the floor area.  
When applicable, the upward hydrostatic pressure on the floor shall be 
considered in the design.  

 
10.2 Structural Slab 
When maximum pressure resulting from all applicable loads exceeds soil bearing 
capacity as defined in Sections 7.3, the slab shall be designed to span between 
the supports (i.e. pile caps, foundations, etc.) or be fully supported by an 
appropriately designed mat/pile cap. 

11.0 FLOOR LIMITATIONS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
The floor thickness shall adhere to the design requirements but shall not be less than 
the following (except the service box structures as defined by the structure engineer) 

 
• 6” thick for precast structures  
• 8” thick for field-poured manholes  
• 10” thick for field-poured vaults on soil  
• 8” thick for field-poured vaults on rock  
• 6” thick for field-poured vaults on steel frame   

12.0 MANHOLE DESIGN LIMITATIONS 
For standard Con Edison manhole structures, a minimum surcharge load of 4 feet of 
soil shall be considered for the design of the roof slab and walls. 

          
Mohsen Shaaker (Signature on File)   

Maged Filtes- Sr. Engineer   Mohsen Shaaker- Manager 
 
REVISION 9 

- New format and major content 
update 

FILE:  
Application and Design Manual No. 4, 
Section 2. 
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Figure 1 - Wheel Load area and HS-20 Loading 
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Figure 2 - Distributed Load Area 

 

 
 

Figure 3 – Overlapping Load Areas
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CORNER MOMENT COEFFICIENT 
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Figure 4 - Corner Moment Coefficient 
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LONG SPAN MOMENT COEFFICIENT 
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Figure 5 - Long Span Moment Coefficient 
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SHORT SPAN MOMENT COEFFICIENT 
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                Figure 6 - Short Span Moment Coefficients 
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Figure 7 - Waterstop Detail 
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Figure 8 - Wall Load Diagram 
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	1.0 INTRODUCT

	This specification provides the minimum requirements for designing field-poured and precast reinforced concrete structures in Con Edison electric distribution network including but not limited to manholes, vaults and service boxes
	2.0 APPLICATION 

	This specification is applicable to all Con Edison electric operating districts. 
	3.0 REFERENCES 

	3.1  Industry Standards and Codes  
	3.1.1 ACI 318-08 (Building Code Requirements for Structural Concrete)
	3.1.2 ACI 347-04 (Guide to Formwork for Concrete)
	3.1.3 ACI 370 R-14 (Report for the Design of Concrete Structures for Blast Effects)
	3.1.4 ASCE 7-10 (Minimum Design Loads for Buildings and Other Structures)
	3.1.5 ASTM 857-14 (Standard Practice for Minimum Structural Design Loading for Underground Precast Concrete Utility Structures)
	3.1.6 ASTM 858-09 (Specification for Underground Precast Concrete Utility  Structures)  
	3.1.7 Guide for Vehicle Weights and Dimensions –Executive Committee (2003-2004) 
	3.1.8 NYC Building Code (2014)
	3.1.9 NYS Building Code 
	3.1.10  AISC Steel Construction Manual 14th Edition
	3.2   Con Edison Electric Operations Specifications
	EO-1008   Plain and Reinforced Concrete
	EO-1103  Guidelines for Underground Vault Installation in High Water Table Areas
	     EO-100205  Purchase Recommendation for Water-stop Material for Watertight Concrete Joints 
	4.0  DEFINITIONS 

	4.1 A manhole/service box is an underground structure which houses the Company’s distribution electric cable splices.
	4.2 A vault is a structure that houses the Company’s distribution transformers.  Vaults could be located above or below ground, and also inside or outside the customer premises. Vaults located below roadways are known as transformer manholes (TM).
	5.0 DESIGN LOADS

	Hereafter is the list of minimum applicable loads required for designing the structures that are subjects of this specification.
	5.1  Dead Load (DL) 
	The dead load consists of the self-weight of the entire structure as well as any other static loads imposed on the structure.Table-1 lists the unit weights of some common construction materials.
	Material
	Unit Weight lbs./ft3
	Dry Soil (packed sand and gravel) / Earth Fill
	110
	Wet Soil ( sand and gravel wet)
	120
	Submerged Soil (Sand or gravel and clay)
	65
	Water
	62.4
	Pavement–(concrete or asphalt)
	144
	Concrete (reinforced, normal weight)
	150
	Cast Iron  
	450
	Steel
	490
	Macadam
	140
	Table 1- Materials Unit Weights
	A minimum additional dead load of 1 foot of accumulated water shall be considered in the design of all structures.
	5.2  Live Load (LL) 
	The live load consists of dynamic loads such as vehicles, pedestrians and the weight of movable objects such as distribution equipment.
	5.2.1 Roof Live Load For Underground Structures
	a. The surface live load shall be considered as one of below listed cases which generates the maximum internal stresses:
	(1) Uniform load of 600 psf. 
	(2) AASHTO HS-20 Wheel Load. 
	See Figure 1 in Appendix for details including magnitude, spacing, and footprint of the load.
	b. The live load defined in 5.2.1.a. (2) shall be increased to sustain the effect of impact at roadways, sidewalk and driveways.
	See Table 2 for details. (Ref.3.1.5)
	Table 2 - Impact Factors
	Note: Impact loads do not need to be included in the design of the footings or piles.
	c. Distribution of wheel load through earth fill: 
	Wheel loads shall be distributed below ground level as a truncated pyramid in which the top surface is the wheel load area with a distributed load area as shown in Figure 2. When several distributed load areas overlap, the total load shall be considered as uniformly distributed over the area defined by the outside limits of the individual areas as shown in Figure 3.
	5.2.2 Roof Loads for Aboveground Structures
	The loads shall include snow, drift, and/or any other applicable loads as defined per local and municipal codes.
	5.2.3 Equipment Live Load
	Equipment live load includes the weights of transformers, network protectors, and other equipment.
	Table 3 lists the weight and load footprint of transformers and network protector. For other types of equipment refer to the manufacturer manuals. 
	T
	Table 3 - Equipment Load
	Note: 1) The equipment on the floor shall be considered in a location that generates the maximum internal stresses. 2) When analyzing the lateral system of a building that houses the equipment, the equipment weight shall be considered as dead load.
	5.2.4 Blast Loads (BL)
	a. A uniform blast load of 600 psf shall be applied to all the vault elements including walls, roof, and floor slab, except for the elements permanently exposed to soil pressureh.
	b. The following load combination shall be used where the blast load is applicable: 1.2DL + 1.0LL + 1.2BL 
	5.3  Earth Pressure Load  
	All underground structures retaining earth fills and/or groundwater shall be designed for the equivalent hydrostatic pressure (Figure 8). Unless otherwise recommended by the geotechnical report, the following procedure shall be followed.  
	5.3.1 Pressure from Horizontal Soil Surfaces (above Groundwater Level)    
	The earth pressure distribution can be approximated by a hydrostatic pressure distribution .The lateral earth pressure at a point on the wall of the structure above the groundwater level is given by the following: 
	Ps=𝐾𝑎∗𝛾𝑠∗𝐻 
	       Where:
	                 Ps      = horizontal pressure, (lbf/ft2)
	      Ka         = coefficient of active earth pressure
	                =(1−sin( ∅))/(1+sin ∅)    
	Note: For Con Edison EO standard use Ka = 0.33 
	                      ∅ = angle of internal friction of the soil (deg.)
	                𝛾𝑠 = unit weight of the soil, (lb/ft3)
	H = distance from the ground level to the point on the wall under          consideration (ft.)
	5.3.2 Pressure from Horizontal Soil Surfaces (below Groundwater          Level) 
	Below the groundwater level, the pressure acting on the structure will consist of the hydrostatic pressure and the horizontal pressure resulting from the weight of the submerged soil. 
	a. The hydrostatic pressure can be calculated using: 
	𝑃𝑤=𝛾𝑤∗𝐻𝑤
	   Pw      = hydrostatic pressure, (lb/ft2) 
	   𝛾𝑤      = unit weight of water, (lb/ft3)
	Hw  = distance from the groundwater level to the point on the wall     under consideration (ft.)
	b. The horizontal pressure from the submerged soil at a point on the structure below the groundwater table is given by the following: 
	𝑃𝑆=𝛾𝑠−𝛾𝑤∗𝐾𝑎∗𝐻𝑤
	 See sections 5.3.1 and 5.3.2 for the variable’s definition
	5.3.3 Pressure from surcharge loads 
	     Earth Pressure from surcharge loads is given by the following:
	𝑃=𝐾𝑎∗𝑆𝑢𝑟𝑐ℎ𝑎𝑟𝑔𝑒 𝐿𝑜𝑎𝑑 
	       See Section 5.3.1 for variable definition
	5.3.4 Pressure from Wheel Load 
	The surcharge pressure resulting from the wheel load is given by the following:
	𝑃=0.005∗ 𝐿𝑜𝑎𝑑 𝑝𝑒𝑟 𝑤ℎ𝑒𝑒𝑙
	5.4  Other Loads 
	5.4.1 Where applicable, all other type of loads (earthquake, wind, snow etc.) shall be considered in the design of the structure.
	5.4.2 Lifting Inserts 
	Lifting inserts are devices embedded or otherwise attached to the precast structures that shall be designed and manufactured to support a concentrated load equivalent to four times the maximum load transmitted to the insert. The loads imposed at the lifting points shall be considered in the design of the structure. 
	5.4.3 Buoyancy Effects
	Structures exposed to groundwater shall be checked for buoyancy effects considering only the self-weight of the structure and a safety factor of 1.2. 
	6.0  DESIGN METHODS 

	6.1 All concrete structural design calculations shall be performed in accordance with ACI 318 and other applicable codes listed in Section 3.1.
	6.2 All steel structures design calculations shall be performed in accordance with AISC Steel Construction Manual and State/local codes listed in section 3.1.
	7.0  DESIGN GUIDELINES

	7.1 Concrete
	7.1.1 Strength of Concrete 
	Concrete mix design shall comply with the requirements of EO-1008 and Class 1 concrete defined therein.
	7.1.2 Reinforcement Rebar Detailing and Protection
	Rebar detailing and minimum concrete cover for reinforcement bars shall be as defined in ACI 318.
	7.2  Steel 
	The following ASTM designations shall be used for the corresponding structural shapes.
	 Note:  For ASTM designations of other structural steel shapes refer to the AISC Steel Construction Manual, as listed in section 3.1.
	7.3  Allowable Soil Bearing  Capacity
	7.3.1 For Con Edison customer installation, the designer shall provide the geotechnical reports for the foundation type and the soil bearing capacity for review by Con Edison. 
	7.3.2 For internal Con Edison design, the allowable bearing pressure values shall be taken from Table 1804.1, the NYC Building Code as referenced in Section 3.1. Conservatively, unless organic silts, organic clays, peats, soft clays, loose granular soils, varied silts, controlled and uncontrolled fills are encountered, a value of 1.5 tsf may be used for the soil bearing capacity.
	8.0  WALL DESIGN

	8.1 Design Methods
	All manhole and vault walls shall be designed using one of the following methods depending on the structure’s geometry and layout:
	8.1.1 Horizontally Reinforced Rigid Frame Method
	In this method the frame is analyzed using conventional indeterminate structural techniques. For rectangular rigid frames, mid-span moments and corner moments are calculated using the coefficients for each moment, given in Figure 4 to Figure 6.
	8.1.2  Vertically Supported Reinforced Structure Method
	In this method the wall is analyzed as a simply supported strip with a height being equal to the headroom of the manhole plus half of the sum of the floor and roof thicknesses. This method requires a roof connection that can adequately carry the wall lateral reaction and all applicable vertical loads.
	8.1.3  Combination of a Horizontally Rigid Frame and Vertically Reinforced Designs
	When dictated by specific conditions, such as major openings, a combination of 8.1.1 and 8.1.2 shall be applied.
	8.2  Wall Limitations
	8.2.1  All new field-poured vertically reinforced vaults and manholes shall have a minimum wall thickness of 7 inches (8 inches if cast against the soil.)
	8.2.2  All new field-poured horizontally reinforced rigid frame type vaults and manholes shall have a minimum wall thickness of 8 inches (9 inches if cast against the soil.)
	8.2.3  Partition walls in field-poured vaults shall have a minimum thickness of 10 inches to provide adequate bearing support for roofs.
	8.2.4  Where watertight construction is required, structures shall be constructed as the following:
	8.2.4.1 The walls shall be monolithically poured with the floor slab.
	8.2.4.2 The minimum distance for construction joints (if needed)    shall be at the greater of the following locations: 
	 12 inches above the top of the floor level.
	 12 inches above the groundwater level.
	    A water stop shall be inserted at this location as shown on Figure 7. 
	8.2.4.3 A minimum wall thickness of 12 inches is required for all field poured vault construction. 
	9.0  ROOF DESIGN

	9.1 The roof steel beams shall be designed as simply supported members. The design span shall be taken as the clear span plus a minimum of eight inches or half of the add wall thickness.
	9.2  With the exception of service box structures, the minimum thickness of precast and field-poured roofs shall be 6 and 8 inches respectively. 
	10.0 FLOOR DESIGN PROCEDURE

	The following procedure shall be used in the design of reinforced concrete floors for field-poured and precast manholes and vaults. The floor design shall be consistent with the geotechnical report and foundation recommendation.
	10.1 Slab on Grades
	When maximum pressure resulting from all applicable loads does not exceed soil bearing capacity as defined in Section 7.3, a slab on grade design can be considered. In this condition, the floor slab shall be designed as being capable of resisting an upward uniform force resulting from total dead plus live loads (excluding floor self-weigh and equipment weight, if the equipment is not suspended from the walls) divided by the floor area. 
	When applicable, the upward hydrostatic pressure on the floor shall be considered in the design. 
	10.2 Structural Slab
	When maximum pressure resulting from all applicable loads exceeds soil bearing capacity as defined in Sections 7.3, the slab shall be designed to span between the supports (i.e. pile caps, foundations, etc.) or be fully supported by an appropriately designed mat/pile cap.
	11.0 FLOOR LIMITATIONS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             The floor thickness shall adhere to the design requirements but shall not be less than the following (except the service box structures as defined by the structure engineer)

	 6” thick for precast structures 
	 8” thick for field-poured manholes 
	 10” thick for field-poured vaults on soil 
	 8” thick for field-poured vaults on rock 
	 6” thick for field-poured vaults on steel frame  
	12.0 MANHOLE DESIGN LIMITATIONS

	For standard Con Edison manhole structures, a minimum surcharge load of 4 feet of soil shall be considered for the design of the roof slab and walls.
	Mohsen Shaaker (Signature on File)  
	Maged Filtes- Sr. Engineer   Mohsen Shaaker- Manager
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[bookmark: OLE_LINK10][bookmark: _Toc468440885][bookmark: OLE_LINK7]INTRODUCTION

This specification provides the minimum requirements for designing field-poured and precast reinforced concrete structures in Con Edison electric distribution network including but not limited to manholes, vaults and service boxes

1.0  



[bookmark: _Toc468440886][bookmark: Application]2.0 APPLICATION 

[bookmark: OLE_LINK_Districts_Applicable]

This specification is applicable to all Con Edison electric operating districts. 







[bookmark: _Toc468440887][bookmark: References][bookmark: OLE_LINK12]3.0 REFERENCES

 



3.1 [bookmark: OLE_LINK4] Industry Standards and Codes  

3.1.1 ACI 318-08 (Building Code Requirements for Structural Concrete)

3.1.2 ACI 347-04 (Guide to Formwork for Concrete)

3.1.3 ACI 370 R-14 (Report for the Design of Concrete Structures for Blast Effects)

3.1.4 ASCE 7-10 (Minimum Design Loads for Buildings and Other Structures)

3.1.5 ASTM 857-14 (Standard Practice for Minimum Structural Design Loading for Underground Precast Concrete Utility Structures)

3.1.6 ASTM 858-09 (Specification for Underground Precast Concrete Utility  Structures)  

3.1.7 Guide for Vehicle Weights and Dimensions –Executive Committee (2003-2004) 

3.1.8 NYC Building Code (2014)

3.1.9 NYS Building Code 

3.1.10  AISC Steel Construction Manual 14th Edition



3.2   Con Edison Electric Operations Specifications





ACI 318-08 or latest edition  (Building Code Requirements for Structural Concrete)

ACI 347-04 (Guide to Formwork for concrete)

NYC Building Code (2008)





ASCE 7-10 (Minimum Design Loads for Buildings and Other Structures)

Steel Construction Manual 14th Edition

ASTM 857-14 (Standard Practice for Minimum Structural Design Loading for Underground Precast Concrete Utility Structures) 



Con Edison Specification EO-1008 		Plain and Reinforced Concretefor plain and reinforced concrete

Guide for vehicle weights and dimensions –Executive Committee (2003-2004)



Con Edison Specification EO-1103 	Guidelines for Underground Vault Installation in High Water Table Areas

     Con Edison Specification EO-100205 	Purchase Recommendation for Water-stop Material for Watertight Concrete Joints 

NESC (National  Electric  Code) 2012



4.0 [bookmark: _Toc468440888][bookmark: Definitions][bookmark: OLE_LINK13] DEFINITIONS 





4.1 A manhole /service box is an underground structure which houses the CCompany’s distribution electric cable splices.

4.2 A vault is a structure that houses the Company’s distribution transformers.   Vaults could be located above or below ground, and also inside or outside the customer premises.  Vaults located below roadways are known as transformer manholes (TM).











[bookmark: _Toc468440889][bookmark: OLE_LINK14][bookmark: DesignLoads]5.0 DESIGN LOADS

Hereafter is the list of minimum applicable loads required for designing the structures that are subjects of this specification.



5.1 [bookmark: OLE_LINK16] Dead Load (DL) 

The dead load consists of the self-weight of the entire structure as well as any other static loads imposed on the structure.Table-1 lists the unit weights of some common construction materials.



		Material

		Unit Weight lbs./ft3



		Dry Soil (packed sand and gravel) / Earth Fill

		110



		Wet Soil ( sand and gravel wet)

		120



		Submerged Soil (Sand or gravel and clay)

		65



		Water

		62.4



		Pavement–(concrete or asphalt)

		144



		Concrete (reinforced, normal weight)

		150



		Cast Iron  

		450



		Steel

		490



		Macadam

		140





Table 1- Materials Unit Weights



A minimum additional dead load of 1 foot of accumulated water shall be considered in the design of all structures.



5.2  Live Load (LL) 

The live load consists of dynamic loads such as vehicles, pedestrians and the weight of movable objects such as distribution equipment.



5.2.1 Roof Live Load For Underground Structures

a. The surface live load shall be considered as one of below listed cases which generates the maximum internal stresses:

(1) Uniform load of 600 psf. 

(2) AASHTO HS-20 Wheel Load. 

See Figure 1 in Appendix for details including magnitude, spacing, and footprint of the load.

b. The live load defined in 5.2.1.a. (2) shall be increased to sustain the effect of impact at roadways, sidewalk and driveways.

See Table 2 for details. (Ref.3.1.5)





		Roof Slab Depth below Grade (in.)

		Percent  Increase



		0-12

		30%



		13-24

		20%



		25-35

		10%



		=>36

		0%











Table 2 - Impact Factors



Note: Impact loads do not need to be included in the design of the footings or piles.

  

c. Distribution of wheel load through earth fill: 

Wheel loads shall be distributed below ground level as a truncated pyramid in which the top surface is the wheel load area with a distributed load area as shown in Figure 2. When several distributed load areas overlap, the total load shall be considered as uniformly distributed over the area defined by the outside limits of the individual areas as shown in Figure 3.



5.2.2 Roof Loads for Aboveground Structures

The loads shall include snow, drift, and/or any other applicable loads as defined per local and municipal codes.



5.2.3 Equipment Live Load

Equipment live load includes the weights of transformers, network protectors, and other equipment.



Table 3 lists the weight and load footprint of transformers and network protector. For other types of equipment refer to the manufacturer manuals. 









		Equipment Type

		Weight 

		Load Footprint



		500 KVA

		15,000 lb

		2’ x 4’



		1,000 KVA

		25,000 lb

		2’ x 4’



		2,000 KVA

		40,000 lb

		3.5’ x 4.5’



		2,500 KVA

		40,000 lb

		3.5’ x 4.5’



		Stand Alone NWP

		3,500 lb

		2 square feet 











     

T





Table 3 - Equipment Load

Note: 1) The equipment on the floor shall be considered in a location that generates the maximum internal stresses. 2) When analyzing the lateral system of a building that houses the equipment, the equipment weight shall be considered as dead load.

5.2.4 Blast Loads (BL)

a. A uniform blast load of 600 psf shall be applied to all the vault elements including walls, roof, and floor slab, except for the elements permanently exposed to soil pressureh.

b. The following load combination shall be used where the blast load is applicable: 1.2DL + 1.0LL + 1.2BL 





5.3 [bookmark: OLE_LINK18] Earth Pressure Load  

All underground structures retaining earth fills and/or groundwater shall be designed for the equivalent hydrostatic pressure (Figure 8). Unless otherwise recommended by the geotechnical report, the following procedure shall be followed.  



5.3.1 [bookmark: OLE_LINK6]Pressure from Horizontal Soil Surfaces (above Groundwater Level)    

The earth pressure distribution can be approximated by a hydrostatic pressure distribution .The lateral earth pressure at a point on the wall of the structure above the groundwater level is given by the following: 



	      Where:

                 Ps      = horizontal pressure, (lbf/ft2)

      Ka         = coefficient of active earth pressure

                  

Note: For Con Edison EO standard use Ka = 0.33 

	= angle of internal friction of the soil (deg.)

        	       	= unit weight of the soil, (lb/ft3)

H	= distance from the ground level to the point on the wall under          consideration (ft.)



5.3.2 [bookmark: OLE_LINK61]Pressure from Horizontal Soil Surfaces (below Groundwater          Level) 

Below the groundwater level, the pressure acting on the structure will consist of the hydrostatic pressure and the horizontal pressure resulting from the weight of the submerged soil. 



a. The hydrostatic pressure can be calculated using: 



			Pw 	    = hydrostatic pressure, (lb/ft2)	

			      = unit weight of water, (lb/ft3)

Hw	 = distance from the groundwater level to the point on the wall     under consideration (ft.)



b. The horizontal pressure from the submerged soil at a point on the structure below the groundwater table is given by the following: 



	See sections 5.3.1 and 5.3.2 for the variable’s definition



5.3.3 Pressure from surcharge loads 

   		Earth Pressure from surcharge loads is given by the following:



		     See Section 5.3.1 for variable definition



5.3.4 Pressure from Wheel Load 

The surcharge pressure resulting from the wheel load is given by the following:















5.4 [bookmark: OLE_LINK19] Other Loads 

5.4.1 Where applicable, all other type of loads (earthquake, wind, snow etc.) shall be considered in the design of the structure.

5.4.2 Lifting Inserts 

Lifting inserts are devices embedded or otherwise attached to the precast structures that shall be designed and manufactured to support a concentrated load equivalent to four times the maximum load transmitted to the insert. The loads imposed at the lifting points shall be considered in the design of the structure. 



5.4.3 Buoyancy Effects

Structures exposed to groundwater shall be checked for buoyancy effects considering only the self-weight of the structure and a safety factor of 1.2. 



6.0 [bookmark: OLE_LINK15][bookmark: _Toc468440890][bookmark: DesignMethods] DESIGN METHODS 

6.1 All concrete structural design calculations shall be performed in accordance with ACI 318 and other applicable codes listed in Section 3.1.



6.2 All steel structures design calculations shall be performed in accordance with AISC Steel Construction Manual and State/local codes listed in section 3.1.







7.0 [bookmark: OLE_LINK22][bookmark: _Toc468440891][bookmark: DesignGuidelines] DESIGN GUIDELINES



[bookmark: OLE_LINK23]7.1 Concrete

7.1.1 Strength of Concrete 

Concrete mix design shall comply with the requirements of EO-1008 and Class 1 concrete defined therein.



7.1.2 Reinforcement Rebar Detailing and Protection

Rebar detailing and minimum concrete cover for reinforcement bars shall be as defined in ACI 318.



7.2 [bookmark: OLE_LINK24] Steel 

The following ASTM designations shall be used for the corresponding structural shapes.













		Structural Steel Shapes 

		ASTM Designation 

		Steel Type 

		Min Fy (ksi)



		W (common beams/columns)

		A992

		High Strength Alloy

		50-65



		

		A572 Gr. 50

		

		50



		C, MC (channels) 

L, (Angles),

Plates

		

A36

		

Carbon

		

36





 Note:  For ASTM designations of other structural steel shapes refer to the AISC Steel Construction Manual, as listed in section 3.1.

7.3 [bookmark: OLE_LINK25] Allowable Soil Bearing  Capacity

7.3.1 For Con Edison customer installation, the designer shall provide the geotechnical reports for the foundation type and the soil bearing capacity for review by Con Edison. 



7.3.2 For internal Con Edison design, the allowable bearing pressure values shall be taken from Table 1804.1, the NYC Building Code as referenced in Section 3.1. Conservatively, unless organic silts, organic clays, peats, soft clays, loose granular soils, varied silts, controlled and uncontrolled fills are encountered, a value of 1.5 tsf may be used for the soil bearing capacity.

8.0 [bookmark: OLE_LINK26][bookmark: WallDesign][bookmark: _Toc468440892] WALL DESIGN



8.1 Design Methods

[bookmark: OLE_LINK27]All manhole and vault walls shall be designed using one of the following methods depending on the structure’s geometry and layout:



8.1.1 Horizontally Reinforced Rigid Frame Method

In this method the frame is analyzed using conventional indeterminate structural techniques. For rectangular rigid frames, mid-span moments and corner moments are calculated using the coefficients for each moment, given in Figure 4 to Figure 6.





8.1.2  Vertically Supported Reinforced Structure Method

In this method the wall is analyzed as a simply supported strip with a height being equal to the headroom of the manhole plus half of the sum of the floor and roof thicknesses. This method requires a roof connection that can adequately carry the wall lateral reaction and all applicable vertical loads.



8.1.3  Combination of a Horizontally Rigid Frame and Vertically Reinforced Designs

When dictated by specific conditions, such as major openings, a combination of 8.1.1 and 8.1.2 shall be applied.



8.2 [bookmark: OLE_LINK29] Wall Limitations

8.2.1  All new field-poured vertically reinforced vaults and manholes shall have a minimum wall thickness of 7 inches (8 inches if cast against the soil.)	Comment by Guerrier, Rose: Research to confirm 

8.2.2  All new field-poured horizontally reinforced rigid frame type vaults and manholes shall have a minimum wall thickness of 8 inches (9 inches if cast against the soil.)

8.2.3  Partition walls in field-poured vaults shall have a minimum thickness of 10 inches to provide adequate bearing support for roofs.

8.2.4  Where watertight construction is required, structures shall be constructed as the following:

8.2.4.1 The walls shall be monolithically poured with the floor slab.

8.2.4.2 The minimum distance for construction joints (if needed)    shall be at the greater of the following locations: 

· 12 inches above the top of the floor level.

· 12 inches above the groundwater level.

				A water stop shall be inserted at this location as shown on Figure 7. 

8.2.4.3 A minimum wall thickness of 12 inches is required for all field poured vault construction. 



9.0 [bookmark: OLE_LINK30][bookmark: _Toc468440893][bookmark: RoofDesign] ROOF DESIGN



9.1 The roof steel beams shall be designed as simply supported members. The design span shall be taken as the clear span plus a minimum of eight inches or half of the add wall thickness.

9.2  With the exception of service box structures, the minimum thickness of precast and field-poured roofs shall be 6 and 8 inches respectively. 

10.0 [bookmark: OLE_LINK32][bookmark: _Toc468440894][bookmark: FloorDesign]FLOOR DESIGN PROCEDURE



The following procedure shall be used in the design of reinforced concrete floors for field-poured and precast manholes and vaults. The floor design shall be consistent with the geotechnical report and foundation recommendation.

10.1 Slab on Grades

When maximum pressure resulting from all applicable loads does not exceed soil bearing capacity as defined in Section 7.3, a slab on grade design can be considered. In this condition, the floor slab shall be designed as being capable of resisting an upward uniform force resulting from total dead plus live loads (excluding floor self-weigh and equipment weight, if the equipment is not suspended from the walls) divided by the floor area. 

When applicable, the upward hydrostatic pressure on the floor shall be considered in the design. 



10.2 Structural Slab

When maximum pressure resulting from all applicable loads exceeds soil bearing capacity as defined in Sections 7.3, the slab shall be designed to span between the supports (i.e. pile caps, foundations, etc.) or be fully supported by an appropriately designed mat/pile cap.

[bookmark: OLE_LINK33][bookmark: _Toc468440895][bookmark: FloorLImits]11.0 FLOOR LIMITATIONS                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             The floor thickness shall adhere to the design requirements but shall not be less than the following (except the service box structures as defined by the structure engineer)



· 6” thick for precast structures 

· 8” thick for field-poured manholes 

· 10” thick for field-poured vaults on soil 

· 8” thick for field-poured vaults on rock 

· 6” thick for field-poured vaults on steel frame  

[bookmark: OLE_LINK35][bookmark: _Toc468440896][bookmark: ConstructionPractive]12.0 MANHOLE DESIGN LIMITATIONS

For standard Con Edison manhole structures, a minimum surcharge load of 4 feet of soil shall be considered for the design of the roof slab and walls.
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Hereafter is a list of most applicable minimum design loads, and any other loads required by local jurisdiction that should be used to design all distribution structures.  

Dead load (DL) – The dead load shall consist of the weight of the entire structure, and other materials that could add weight to the structure such as roadways, sidewalks, public utility services etc.



Example of the unit weights of different construction materials are as follows:



		Material

		Unit Weight lbs./ft3



		Dry Soil (packed sand and gravel) / Earth Fill

		110



		Wet Soil ( sand and gravel wet)

		120



		Submerged Soil (Sand or gravel and clay)

		65



		Water

		62.4



		Pavement–(concrete or asphalt)

		144



		Concrete (reinforced)

		150



		Cast Iron  

		450



		Steel

		490



		Macadam

		140







[bookmark: OLE_LINK3]Live Load (LL) – The live load shall consist of the weight of the applied moving load of vehicles, pedestrians or the weight of stationary items such as distribution equipment (transformers, network protector, etc.)



4.1.1 Surface Live Load 

d. The surface live load shall be taken as the maximum of the following:

(3) Uniform 600 psf as per NYC building code 

e. Wheel Load for HS-25 (20 kips) with a load foot print  10”X 20” see Figure 1

f. The live loads for HS-25 should be increased as follows, to sustain the effect of impact at roadways and driveways. Impact loads shall be included as part of the loads transferred from the superstructure to substructure but shall not be included in loads transferred to footings or piles.

g. 



h. 

i. 

		Live Load Increase for Impact



		Depth below Grade (inches) 

		Percent  Increase 



		0-12

		30%



		13-24

		20%



		25-35

		10%



		>36

		0%







j. [bookmark: OLE_LINK5]Distribution of wheel load through earth fill 

(1) Wheel loads at ground level should be considered applied to a wheel load area.	Comment by Guerrier, Rose:  Should include the load area 

(2) Wheel loads should be distributed below ground level as a truncated pyramid in which the top surface is the wheel load area and the distributed load area is equal to Figure 1



Equipment Live Load 

Equipment live load includes transformers, network protectors, and other equipment, as described by the project engineer. The types of equipment and their corresponding loads as per the following schedule: 

		Equipment WT.

		Load

		Area for Direct Load



		500 KVA

		15,000 lbs.

		2’ x 4’



		1,000 KVA

		25,000 lbs.

		2’ x 4’



		2,000 KVA

		40,000 lbs.

		3 1/2’ x 4 1/2’



		2,500 KVA

		40,000 lbs.

		3 1/2’ x 4 1/2’



		NWP

		3,500 lbs.

		2 square feet 















Note: The equipment load should be added as dead load when analyzing the lateral system of the structure.

c. Blast Loads

d. All transformer vaults and partition walls may be subjected to blast loads

e. Walls, suspended floors, and any structural elements within the customer’s premises shall be designed to resist a blast load of 600 psf.

Blast Loads shall be treated as live loads when performing design calculations.

 

Pulling Eye 

Where pulling iron facilities are furnished, they should be installed to  withstand twice the expected load to be applied to the pulling iron, .



4.2 Earth Pressure Load 

Vault walls and other underground structures retaining earth fills and or ground water shall be designed for the equivalent hydrostatic pressure.

5.3.1 Pressure from horizontal soil surfaces (above ground water level)

The earth pressure distribution can be approximated by a hydrostatic or triangular pressure distribution .The lateral earth pressure at a point on the structure above the ground water level is given by the following: 





Where:

P     = horizontal pressure, lbf/ft2

Ka    = coefficient of active earth pressure  - Note that the standard value ka = 0.33 is used for Con Edison structural design

      = angle of internal friction of the soil deg (rad)

      = unit weight of the soil, lb/ft3

H     = distance from the ground level to the point on the wall under consideration (ft)



		5.3.2 Pressure from horizontal soil surfaces below ground water level

Below the ground water table, the pressure acting on the structure will consist of the hydrostatic pressure and the horizontal pressure resulting from the weight of the submerged soil. The hydrostatic pressure can be calculated using: 



	Pw = hydrostatic pressure, lbf/ft2

	 = unit weight of water, lb/ft3

	Hw= distance from the ground water level to the point on the wall under consideration (ft)



The horizontal pressure from the submerged soil at a point on the structure below the groundwater table is given by the following: 



	Refer to sections 5.3.1 and 5.3.2 for the variables in this equation.

		5.3.3 Pressure from surcharge loads

	 Earth Pressure from surcharge loads is given by the following:



	The variables in this equation are presented in section 6.1.

	6.4 Pressure from wheel load

The surcharge pressure resulting from the wheel load can be calculated as follows:



Note: Surcharge pressures resulting from live load are neglected when the depth from ground level exceeds 8 feet.



5.5 Additional Loads 

The designer must consider any other types of loads that the distribution structures may be subjected to.

The designer should consider Con Edison’s equipment gravity loads and all other types of loads (earthquake, wind, snow etc.) required for the design, in accordance with local and state regulations. 

ConEdison’s equipment load should be considered permanent when designing the lateral system of the customer’s building. 

Lifting Inserts- Lifting inserts are devices embedded or otherwise attached to the structure, designed and manufactured to support a measured, sustained, concentrated load. Lifting inserts in all structures shall be designed for a load equivalent to four times the maximum load transmitted to the insert. The loads imposed at the lifting points are considered in the design of the structure.

5.4.1 Buoyancy Effects- The structural design for below ground structures will also consider buoyancy effects, if applicable, and proportion the structure to ensure an adequate safety factor.

6.0 



DESIGN METHODS 





1. 	7.1 Load and Resistance Factor Design (LRFD)- For steel and concrete design 

The LRFD method uses a limit based design method: the design strength is required to be greater than or equal to the sum of the factored loads or load effects:



Where: 

Rn = nominal or theoretical strength resistance of the member determined based on applicable codes

Ru = sum of the factored loads calculated using the LRFD load combinations or the ultimate load 

    = strength reduction factor. Refer to the following table for values of the resistance factor at different limit states.



		Cases

		 for Steel



		Shear 

		1.0 or 0.9



		Flexure 

		0.9



		Compression 

		0.9



		Tension (yielding) 

		0.9



		Tension( rupture) 

		0.75







		Cases

		 for Concrete



		Tension controlled beams and slabs

		0.9



		Shear and torsion in beams

		0.75



		Columns

		0.65 or 0.75



		Columns supporting very small axial loads

		0.65 or 0.75-0.9



		For bearing on concrete

		0.65









7.1.1 Load Combinations 

The load factors depend on the types of load and their effects. For typical LRFD dead and live load calculations the following combination is used:



Where:

LL		         = Live load 

DL		         = Dead Load 

BL		         = Blast Load (considered as a live load)

H		         = Earth Pressure 

C1, C2, C3       = load factors as per the design codes 

For all other load combinations, refer to applicable design codes 



 Allowable Strength Design (ASD)- for steel  design 

	      The allowable strength is given by the nominal strength divided by the safety factor. 





Where:

   = allowable strength 

       = required allowable strength calculated using the ASD load combinations 

         = Safety factor 

		Limit State 

		Safety Factor 



		Shear 

		1.5



		Flexure 

		1.67



		Compression 

		1.67



		Tension (yielding) 

		1.67



		Tension( rupture) 

		2.00







	7.2.1 Load combinations 

	







DESIGN GUIDELINES 

Concrete

 Concrete Protection for reinforcement 

The minimum concrete protection or cover of beams and reinforcement bars shall be as follows based on the corresponding ambient conditions:



		Concrete Exposure 

		Case

		Minimum Concrete Cover (in)



		

		

		Precast Concrete

		Cast in Place



		Not exposed to weather or ground

Exposed to earth or weather



		No.11 bars and smaller, 





		

Wall Panels:



		3/4

		3



		

		No.6 through No.11 bars 



		

All other members

		1-1/2

		



		

		No.5 bar and smaller 



		

		1-1/4

		



		

		 No.11 bars and smaller, 



		

Slabs, walls and joists:



		5/8

		3/4



		

		Primary Reinforcement 

		



Beams and Columns

		db but no less than 5/8 and no greater than 1-1/2



		



		

		Ties, stirrups, spirals 

		

		3/8



		











Concrete compression strength shall be selected based on the type of structure in accordance with the following Con Edison classifications: 

		Con Edison Company Classification

		Type of Structures

		Min. 28-Day Compression

Strength, Psi



		Class I

		Watertight Structures:

Cast-in-Place, Precast

		5,000



		Class II

		Non- Watertight Structures

		4,500







 Concrete Reinforcement 

All reinforcement bars shall be billet steel, deformed and shall conform to A.S.T.M.  spec. des. A-615, Grade 60.

All reinforcement bars shall be epoxy-coated in accordance with ASTM A-775

Rebar splice length and detailing shall conform to the latest ACI 318 requirements.



5.5  Hot Rolled Steel Sections

The steel sections shall be designed in accordance with the requirements of the latest Steel Construction Manual. The following ASTM designations shall be used for the following structural shapes: 



		Structural Steel Shapes 

		ASTM Designation (preferred)

		Steel Type 

		 Min Fy ( ksi)



		W (common beams/columns)

		A992

		High Strength Alloy

		50-65



		C, MC (channels) 

L, (Angles),

Plates

		

A36

		

Carbon

		

36

















		

		

		





		

		

		



		

		

		













		

		

		











































































		



		





















For additional structural members ASTM designations refer to the latest edition of the Steel Construction Manual.



6.5 Allowable Bearing Pressure 





WALL DESIGN



7.5 All manhole and vault walls shall be designed using one of the following methods:



		(a)		A Rigid Horizontally Reinforced Frame – The wall loading for lateral earth pressure due to live and dead loads shall be taken calculated.  The frame shall be analyzed using conventional indeterminate structural techniques.  Mid-span moments and corner moments may be calculated using the formulas given in the sample calculated using the formulas given in the sample calculation problem or by using the moment coefficients for each moment, given in figures 2 to X4

		(b)		A Simply Supported Vertically Reinforced Structure – The wall loading for lateral earth pressure due to live and dead loads shall be calculated  by the designer.be taken from  Design Chart I.  The wall should be analyzed as a simply supported strip with a height being equal to the headroom of the manhole plus ½ the sum of the floor and roof thicknesses.  This method shall be used with field-poured manholes only and requires a field-poured roof connected to the walls and able to carry the wall lateral reaction.



		(c)		A Combination of a Horizontally Rigid Frame and Vertically Reinforced Designs – This method which is a combination of a and b may be used when conditions indicate that there are areas where the reinforcing for both the vertical and horizontal methods are severely interrupted by openings.



8.5 Partition Walls in Vaults – Partition walls in field-poured vaults, which house oil type transformers inside the customer’s property, shall be designed for an internal blast load of 600 psf in addition to all the gravity loads transferred from the roof of the structure.
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14.0	FLOOR LIMITATIONS

	14.1	Minimum floor thickness regardless of load shall be as follows:

		(a)		Precast structures 6”

		(b)		Field-poured Manholes 8”

		(c)		Field-poured vaults on soil 10”

                        (d)      Field-poured vaults on rock 8”

		(e)		 Field-poured vaults on steel frame 6”



15.0	STEAM MANHOLES



	15.1	In addition to the forces defined in paragraph 5, seam manholes shall be designed to carry thrust loads arising from anchorage, expansion joints and changes in direction of the main.  These forces vary with the size and pressure of the mains. The end walls of the manholes must be designed to resist all thrust forces utilizing the full passive resistance of the soil and soil friction developed along the floor.  If sufficient resistance to thrust cannot be achieved, the manhole shall be poured integrally with a keyed reinforced concrete slab.  Each anchor manhole design shall be approved by the Transmission and Distribution Structures Engineer.



	15.2	Field-poured steam manholes which must resist thrust forces shall have vertically reinforced walls integrally tied to the manhole floor or base and roof.



	15.3	All field poured steam manholes shall be constructed using Class I concrete as per Con Edison Specification EO-1008.







16.0	REINFORCING LIMITATIONS



	16.1	At no time shall the required reinforcing in the roof, walls or floor slab be less than that required for temperature reinforcing as defined in the ACI Code (Latest revision).



	16.2	The minimum concrete protection or cover of beams and reinforcement bars in inches shall be as follows:



		

Structure

		

Field-Poured

		

Precast





		

		Bottom

		Sides

		Top

		Bottom

		Sides

		Top





		Roof Beams	Vault

			2”

			2”

			2”			

			2”

			2”

			2”	



				Electric MH

			1”

			1”

			1”			

			1”

			1”

			1”

	



		Roof Slabs	Vault

			1”

			2”

			2”			

			1”

			2”

			2”	



				All Others

			1”

			2”

			2”			

			1”

			2”

			2”

	



		Floors Vault	Soil

			3”

			2”

			1”			

			2”

			2”

			1”	



				Rock

			3”

			2”

			1”			

		-

			-

			-	



				Steel

			¾”

		-

			-”			

		-

			-

			-	



		Electric MH

			3”

			2”

			1”			

			2”

			2”

			1”

	



		

Walls	

		Clear of Inside Face

		Clear of Outside Face

		

		

		Clear of

Inside Face

		Clear of 

Outside Face





				All Others	2

			1”

			2”

		

		

			1

			1”
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[bookmark: figure3a][bookmark: figure3]Figure 3 – Overlapping Load Areas
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CORNER MOMENT COEFFICIENT
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LONG SPAN MOMENT COEFFICIENT
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  SHORT SPAN MOMENT COEFFICIENT

	



[bookmark: _Toc460595809][bookmark: _Toc468439426][bookmark: _Toc468439489][bookmark: _Toc468442740][bookmark: OLE_LINK2][bookmark: figure6]	               Figure 6 - Short Sspan Mmoment Ccoefficients
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[image: ]	Comment by Guerrier, Rose: The following figure should be edited to include the groundwater table
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[bookmark: _Toc468442742][bookmark: figure8]Figure 8 - Wall Load Diagram
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SECTION 3: LOADS AND LOAD FACTORS
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Figure 3.6.1.2.2-1—Characteristics of the Design Truck

3.6.1.2.3—Design Tandem

The design tandem shall consist of a pair of 25.0-kip
axles spaced 4.0 ft apart. The transverse spacing of wheels
shall be taken as 6.0 ft. A dynamic load allowance shall be

considered as specified in Article 3.6.2.
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