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Technical Memorandum – Building
Conditions Assessment



TECHNICAL 

MEMORANDUM 

 

Tetra Tech 
1489 West Warm Springs Road, Suite 110 , Henderson, NV  89014 

Tel  801.364.1034 www. tetratech.com 

To: Tetra Tech Nevada Environmental Response Trust Site Project Team 

From: Steve Babcock, P.E., Tetra Tech 

CC: Greg Farrell, Derek Amidon, Tetra Tech 

Date: June 17, 2015 

Subject: Building Conditions Assessment 

Project Name: NERT Unit 4 Cell Floor Demolition 

Project No. 114-5200225-2015-M02 

 

This technical memorandum summarizes the observed conditions of the Unit 4 buildings and 
provides recommended actions be taken prior to commencing with the demolition of the Unit 4 Cell 

Floor Area.  The demolition work is planned to allow execution of the Soil Sampling program in the 
Unit 4 area. 

A pre-demolition structural engineering survey has been completed for the Unit 4 Cell Floor, 
Substation Building and Chlorinator Building. This technical memorandum presents the results of the 

survey and recommends further actions that are designed to reduce the risk of premature collapse of 

the structure during the demolition process. Mr. Steve Babcock P.E. conducted the structural 
engineering survey on May 19 and 20, 2015. 

 

1.0 Structural Description and Configuration 

The Nevada Environmental Response Trust (NERT) site is located near Henderson, Nevada and 
includes ten unit buildings, each with three primary structural areas. The primary areas of each unit 

building are the Chlorinator Building, Cell Floor Area and Substation Building, from North to South. 
See Figure 1 for the overall site plan and Figure 2 for the Unit 4 plan view.                                                                                                 
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Unit 4 Substation Building

The Unit 4 Substation Building, (also referred to as the Rectifier Building), is constructed with large

concrete portal frames with concrete masonry unit (CMU) block panel walls between. There are three

levels to this building, one ground level and two basement levels. The ground level walls contain

integrated bridge crane supports for an operational 5-ton crane. Also housed in this area is floor-

supported process equipment for the tenant company, Tronox. The first basement level, constructed

of cast-in-place concrete, houses various electrical panels. The second basement level was not

observed due to time constraints, but design drawings indicate that it has a substantially smaller

footprint area and does not directly border the basement of the Unit 4 Cell Area Building.

Unit 4 Cell Building

The Unit 4 Cell Building has been partially demolished. The remaining structure is a ground level

concrete floor supported by steel beams and columns that extend to the basement level. The majority

of the Cell Floor Area is physically isolated from the surrounding level (including the Substation and

Chlorinator Buildings) as part of the original design. This isolation is achieved by a horizontal clear

space of approximately twelve inches. This area is referred to as the Cell Island in this memo. The Cell

Island and the adjacent slab that surrounds it, referred to as the curtain slab, are supported by steel

columns that bear on pedestals in a common basement area. There are several places with loose

grating and steel plates positioned for personnel and small vehicle access to the Cell Island, but they

Figure 3: Unit 4 Substation Building brick wall, looking south
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are not currently in use. The curtain slab is structurally integrated with the adjacent Substation

Building and the Chlorinator Building floor slabs. The basement level consists of the aforementioned

columns, and pedestals and trench drains in the basement floor. There are two access doors from this

basement area into the adjacent Substation Building basement.

Unit 4 Chlorinator Building

The Unit 4 Chlorinator Building, which is shown in Figure 4, consists of three levels above ground.

The structure is constructed with steel columns and beams encased in concrete, with concrete floor

slabs at all levels. The second level wall contains a steel truss that appears to have been part of the

original roof structure over the Unit 4 Cell Floor Area, which has been removed. The second level has

a CMU curtain wall along the south side and panel siding on the other three sides. The third level has

panel siding on all four sides. The first level houses an operational compressor system consisting of at

least six pieces of equipment. The second and third levels are abandoned. They were not toured due

to the poor conditions discussed in the following sections.

A number of elevated pipes are supported along the south side of the Unit 4 Chlorinator Building.

These pipe appear to run from Unit 3 through Unit 4 and into Unit 5. It is suspected that these pipes

extend through all ten units at the site, but that was not observed. These pipes contain active water

and utility air pipeline and the recently decommissioned chlorine gas pipeline.

Figure 4: Unit 4 Chlorinator Building wall, looking northwest
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A Wash Down Tower is located east of the Unit 4 Cell Floor Area and south of the Unit 4 Chlorinator

Building, as shown in Figure 5. The Wash Down Tower is constructed of concrete and has brick lining.

The Wash Down Tower is not currently in operation, and a few ground level openings have been

infilled with brick.

Figure 5: Unit 4 Wash Down Tower, looking east
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2.0 Design Modifications, Damage and Corrosion

Unit 4 Substation Building

The Unit 4 Substation Building has been affected by the removal of the roof structure over the Cell

Floor Area, as shown in Figure 3. The north wall has a partial brick façade with visibly loose bricks

along the upper portions, as shown in Figure 6. There are also visible horizontal ties to the CMU walls

behind the brick; it is assumed that this construction method is typical and the brick is tied to the

CMU wall throughout.

Inside the Unit 4 Substation Building there are two large cracks, approximately half way up in two of

the ground level CMU wall panels located between column line ‘G7-G9’ and ‘G9-G11’. The ‘G7-G9’

crack, shown in Figure 7, is representative of both cracks.

Figure 6: Loose façade bricks on the north wall of Unit 4 Substation Building





Nevada Environmental Response Trust

Unit 4 Cell Floor Demolition June 17, 2015

8

The ground level floor was substantially reinforced with steel beams and columns. Our Tronox escort
indicated that this reinforcing was done to allow fork lift access on the ground level floor. See Figures
8, 9, 10 and 11 for illustration of this reinforcing.

Figure 8: Floor reinforcing bracket, Unit 4 Substation Building
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Figure 9: Floor reinforcing beams, Unit 4 Substation Building
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Figure 10: Floor reinforcing beams, Unit 4 Substation Building
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Figure 11: Floor reinforcing columns, Unit 4 Substation Building
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The basement wall was measured to be 16 inches thick with two layers of reinforcing, as shown in
Figure 14. The wall has reinforcing at the center and the inside face, leaving an approximately 8

inch thick concrete cover adjacent to the Cell Floor Area, rather than reinforcing near both the
inner and outer faces. It is suspected that this was done to provide a corrosion or thermal barrier.

Figure 14: Basement wall section at doorway to Cell Floor
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Unit 4 Cell Floor Area

The curtain slab of the on the south side of the Unit 4 Cell Floor Area has structural support for the

southern edge provided by the Unit 4 Substation Building foundation wall. The north side of this slab

is supported by steel columns that bear on concrete pedestals in the basement area. The underside of

the curtain slab shows severe concrete degradation and reinforcing bars are exposed and rusted.

Figures 15, 16, and 17 illustrate the typical condition of the underside of the curtain slab.

Figure 15: Curtain slab of Unit 4 Cell Floor near Substation Building foundation wall
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Figure 16: Curtain slab of Cell Floor near Unit 4 Substation Building foundation wall
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Figure 17: Curtain slab of Unit 4 Cell Floor showing typical spalling
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The support columns for the curtain slab and the Unit 4 Cell Island are supported by concrete

pedestals in the basement area. All of these pedestals where observed to be severely corroded; many

have catastrophic cracks and have partially crumbled. Figure 18, 19 and 20 illustrate the typical

condition of the column pedestals observed in the Unit 4 Cell Floor basement area.

Figure 18: Unit 4 Cell Floor column pedestal, exposed rebar and severe rust and cracking
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Figure 19: Unit 4 Cell Floor column pedestal, exposed rebar, severe spalling
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Figure 20: A crumbling Unit 4 Cell Floor column pedestal
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Figure 22: Cell Island slab
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The southeast end of the Unit 4 Cell Island was not observed because the area was considered unsafe

to access by our Tronox escort. As was the case with the south side of the Unit 4 Cell Floor Area, the

north side also consists of a curtain slab. The north edge of that slab is supported by a partition wall.

The south side of the curtain slab is supported by steel columns and pedestals, similar to the south

side curtain slab described previously. A partition wall separates the Unit 4 Cell Floor Area from an

Figure 23: Typical cell floor concrete encasement
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Inside the Unit 4 Chlorinator Building are operational compressors and air dryers. The second floor

slab is actively spalling directly above the largest compressor, as shown in Figure 29 and Figure 30.

Figure 29: Unit 4 Chlorinator Building operational Compressor with active concrete spalling above
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Figure 30: Unit 4 Chlorinator Building - spalling concrete above compressor
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Active spalling was also observed above the air dryer, as shown in Figure 31 and Figure 32.

Figure 31: Unit 4 Chlorinator Building air dryer below spalling concrete
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Figure 32: Spalling concrete above air dryer
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Further observations of the second floor where not made due to safety concerns stemming from the

structural condition of the floor and the absence of adequate railings and markings. The third level

was also not observed due to these safety concerns. The south wall of the Unit 4 Chlorinator Building

has an integrated steel truss that appears to have been part of the roof system formerly over the Cell

Floor Area. This truss is infilled with a CMU wall. This CMU wall appeared to have superficial

cracking. There is also an integrated pipe rack supported by cantilevers connected to this truss. One

of the pipes is known to be compressed air from the compressor units within the Unit 4 Chlorinator

Building; another is known to be a water supply pipe; and a third is the recently decommissioned

chlorine gas pipe. The pipes are not readily marked but the Tronox representative could identify the

service of each pipe. The integrated truss, CMU wall and piperack are shown in Figure 37.

Figure 37: Unit 4 Chlorinator Building - integrated roof truss along south side
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Southeast of the Unit 4 Chlorinator Building is a Wash Down Tower. This tower is constructed of

reinforced concrete that is actively spalling; reinforcing steel is also exposed and rusting. There is a

heavy brick lining inside the tower but structural evaluation was not possible due to access

restrictions. The Wash Down Tower is shown in Figure 5 and 38.

Figure 38: Unit 4 Wash Down Tower – spalling concrete near base
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3.0 Areas of Consideration

Identified concerns for each of the Unit 4 structural areas are discussed in this section. Mitigation

options are presented in the following section.

3.1 Unit 4 Substation Building

The cracking in the ground level north CMU wall, as shown in Figure 7, is considered more than

superficial. However, the concrete portal frame design of the building is anticipated to provide

adequate structural capacity for the operational bridge cranes and roof structure. There is concern

that cracks in the CMU could become longer or wider as a result of demolition and soil sample drilling

activities in the Unit 4 Cell Area.

The horizontal cracking in the north basement wall extends along the entire length of the building

aligned with the curtain slab in the Unit 4 Cell Area, as shown in Figures 12 and 13. This slab is

structurally connected to the Unit 4 Substation Building basement wall. The other side of the curtain

slab is supported by periodic steel columns and concrete pedestals. Many of these pedestals are very

corroded and crumbling, as shown in Figures 18, 19, and 20. It is likely that this corrosion has

reduced the height of the pedestals, which then allowed excessive deflection of the Curtain Slab. This

in turn caused an overstress in the connection of the curtain slab to the basement wall, resulting in

the observed horizontal cracking. Having this type of cracking creates concerns of potential

movement and vibration of the first floor and north wall, including the bridge crane support rails,

when exposed to demolition and sample drilling activities. In addition, exposed concrete in the

basement walls is in poor condition with some loss of cement paste resulting in areas of exposed

aggregate at the wall face. Segregation of the aggregate was noted in some of the exposed areas and

likely occurred during the original concrete placement. The current condition of the concrete will

likely adversely influence tensile and compressive strengths both vertically and laterally along the

existing wall.

The brick façade on the exterior face of the north wall covers much of the wall surface, as shown in

Figure 3. The edges of this façade are visually separating from the CMU wall, as shown in Figure 6. It

is probable that individual bricks will detach and fall to the ground during the demolition and soil

sample drilling activities. However, due to the existence of intermediate brick ties, a complete

collapse of the façade is not anticipated.

3.2 Unit 4 Cell Floor Area

The entire Unit 4 Cell Floor Area is in a state of disrepair and is in extremely poor condition. Caution

should be used at all times when accessing this area. The primary focus of this work task is to

demolish the Unit 4 Cell Floor Area to provide equipment access to the basement level to execute a

drilling and soil sampling program. Therefore this area is not in need of any reinforcing, but the

demolition process should be developed with careful considerations of the poor condition of this

area. Due to the vibration sensitivity of the adjacent buildings, it is recommended that the demolition

work be accomplished using shearing and cutting machinery instead of impact equipment.
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Lateral earth pressures generated by the natural silty sand or sandy silt backfill are currently acting

upon the existing east and west Unit 4 Cell Floor basement wall. These pressures will be redistributed

after the demolition of the curtain slab and basement floor. This redistribution will occur because the

curtain slab and basement floor provide lateral stiffness to the basement walls. Once removed or

disrupted, the stiffness of this system will decrease and internal stress levels within the wall will

increase. The increased stress in the wall may result in lateral deformation of the wall. Lateral earth

pressures along the basement wall will vary from at-rest conditions at rigid intersections with

perpendicular walls and concrete pilasters to active conditions between these points of rigidity. The

resulting lateral deflection of the basement wall will also vary in magnitude correlating to the

stiffness of the remaining basement wall system. The existing walls alone are anticipated to be

capable of supporting the lateral earth pressure at their current level. Demolition debris or backfill

for ramp construction should not be placed adjacent to the basement walls as this would apply a

surcharge load and increase the lateral pressures acting on the basement walls. Increases in lateral

pressure beyond the current levels could overstress the basement walls and result in excessive

deformation or collapse. It is equally important that heavy equipment not be positioned closer than 6

feet to the basement walls to prevent additive lateral stresses above normal soil loading.

3.3 Unit 4 Chlorinator Building

The Chlorinator Building is in a state of disrepair and is in extremely poor condition. Concrete

spalling is actively occurring due to seasonal weather events, and the upper levels are not well-

maintained and should not be accessed as part of this project. There are operating compressor and

air dryer units in the ground level of this building, as shown in Figures 29 and 31. This equipment

was indicated as being crucial to the operations of Tronox. There is active concrete spalling occurring

on the underside of the second level floor slab that is directly over this equipment, as shown in

Figures 30 and 32.

There is a series of utility pipes supported along the south wall of the Chlorinator Building shown in

Figure 37. These pipes are elevated above ground at approximately the second level of the building.

Adjacent to these pipes is a CMU infill wall. This CMU wall appears to be in acceptable condition but

may become loose if exposed to significant vibrations.

4.0 Recommendations

Overall, the Unit 4 site is in a state of active decay. Personnel and vehicle traffic should be minimized

at all times. Personnel should not access the upper levels of the Unit 4 Chlorinator Building unless

absolutely necessary. If such access to the upper levels of the Chlorinator Building is required,

adequate fall protection measures are to be implemented.

It is believed that the demolition and soil sampling programs can be executed safely with the

implementation of the recommendations described in the following sections of this Technical

Memorandum.
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4.1 Unit 4 Substation Building

The basement wall should be reinforced by suitable means. This reinforcing should target restoring

or exceeding the original design strength of the wall. This wall appears to be a good candidate for the

use of Epoxy Injections technology to provide the necessary reinforcing. In addition, a vibration

monitoring system should be developed and installed along the north wall to mitigate the potential

impacts of vibrations on the structural integrity of the building. As part of this system, allowable

vibration criteria should be established utilizing industry standards for acceleration limits for the

building construction types that are present in Unit 4.

Adequate monitoring technology should be chosen and utilized to provide the requisite evaluations in

“real time” to act as a warning system during the demolition activities. This system should also

include select crack monitoring to ensure significant cracks do not propagate as a result of the

demolition and soil sampling activities.

An alternative to the basement wall reinforcing and monitoring system would be to relocate the

process equipment out of the Unit 4 Area, either temporarily or permanently. If this relocation is

temporary, the Substation Building would need to be reevaluated after the soil sampling program and

necessary reinforcing would need to be implemented before re-occupying the space.

The north side of this building should be cordoned off from all pedestrian access prior to and during

the demolition and soil sampling activities to mitigate the hazards of loose bricks falling on workers.

At the start of the demolition activities the visibly loose bricks on this wall should be carefully

removed to minimize bricks that may become loose and fall. In the even that other façade bricks

become loose they will fall harmlessly to the ground within the cordoned off area.

4.2 Unit 4 Cell Floor Area

The demolition plan for the Unit 4 Cell Floor area should utilize shearing and cutting equipment.

Impacting equipment should be avoided to minimize vibrations. All equipment used should have

rubber wheels instead of steel tread, wherever possible, to minimize vibrations. Equipment and

materials should be used and stored at least eight feet away from the top edge of the basement walls

to prevent increases in lateral earth pressure on the basement walls.

4.3 Unit 4 Chlorinator Building

It is recommended that the critical equipment located in the Unit 4 Chlorinator Building be protected

by a temporary shielding structure during the demolition and soil sampling program. Temporary

scaffolding is recommended for use as the shielding structure as it is adaptable, easily installed

without heavy equipment, and inexpensive. As a precautionary measure, a scaffolding system should

also be installed to protect the pipes on the south side of the building. This system should be installed

between the CMU wall and the pipes and have appropriate decking material above the pipes to

preclude any dislodged CMU from falling on them.
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EXECUTIVE SUMMARY 

 

The objective of this construction/demolition vibrations study is to develop recommendations for 

protection of the adjacent structures, the Chlorinator Building and the Substation Building, i.e., the 

protected structures, during the demolition of the Unit 4 Cell Building.  The superstructure of the 

Unit 4 Cell Building has already been removed and the remaining demolition includes removal of 

the concrete basement ceiling over the entire Unit 4 Cell Building footprint of approximately 180 

x 180 feet.  The Substation Building has a basement located along the zero-lot-line to the south of 

the demolition area.  The concrete ceiling is assumed to be about 6 inches thick and is supported 

on steel columns estimated to be on a 13 by 13-foot grid.  The Unit 4 Cell Building concrete 

basement floor is approximately 8 feet below the adjacent grade.  The basement perimeter is 

formed by a concrete wall. 

 

The proposed demolition sequence consists of the ceiling concrete being broken using a hydraulic 

hammer, the concrete will fall on the concrete basement floor, the supporting steel beams and 

columns will be cut, and all debris will be hauled away from the basement.   

 

It is understood that the Substation Building and the Chlorinator Building are to be protected from 

structural damage during the demolition activities.  Minor cracking, spalling, and loosening of the 

masonry units and concrete is acceptable. 

 

Structure protection against vibrations is conventionally based on the control of vertical peak 

particle velocity (PPV).  Although the vibrations generated by construction have several 

components, the surface waves, also known as Rayleigh waves, are best correlated to the severity 

of the impact on structures.  The method of structure protection design is based on determining the 

source of vibrations, development of associated attenuation relationships, establishing the 

threshold/acceptable PPV for the protected structures, and subsequently developing a plan to 

monitor the generation of the vibrations and procedures to control them within acceptable limits. 

 

The following sections of this document provide detailed discussion on the development and use 

of the recommended attenuation relationships and on the selection of threshold PPVs. 

 

The relevant characteristics of the Substation and Chlorinator Building protection and the key PPV 

threshold recommendations are presented in Table 1. 
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SITE CONFIGURATION 

 

Environmental activities are planned for the Unit 4 area that will require the demolition of the 

remaining portions of the Unit 4 Cell Building above the basement slab.  Tetra Tech has developed 

a Demolition Plan using best practices approaches learnt from previous unit building demolition 

activities at the site.  Tetra Tech is also considering the effects of the vibrations caused by the 

demolition equipment on the existing structures and equipment, as well as on the safety of 

personnel working at the installations. 

 

The protected buildings are presently leased to Tronox.  The Chlorinator Building houses several 

large compressors and related equipment that produce compressed air for Tronox operations at the 

NERT Facility.  The Substation Building houses Tronox processing and electrical equipment.  It 

is understood that the equipment housed in the Chlorinator Building will be protected by temporary 

scaffolding as described in the Demolition Plan (Tetra Tech, 2015b).  Furthermore, the piping that 

is attached to the south wall of the Chlorinator Building will also be protected by temporary 

scaffolding, and the equipment will not be operational during demolition activities.  Therefore the 

effects of vibrations on operations of the equipment do not need to be considered. 

 

A schematic view of a conceptual cross-section of the site is shown in Figure 2.  The concrete 

basement ceiling slab to be demolished is currently connected to both the Substation Building and 

the Chlorinator Building.  The demolition plan indicates that prior to the demolition the concrete 

basement ceiling slab along the north wall of the Substation Building and the ground level concrete 

slab/flatwork at the base of the south wall of the Chlorinator Building will be cut.  These cuts will 

be at least 12 inches wide and are intended to isolate the buildings from the vibrations generated 

in the basement ceiling slab during the demolition process.   

 

It is understood that the majority of the basement celling slab is already physically isolated from 

the surrounding level, including the Substation and Chlorinator Buildings, as part of the original 

design.  This isolated ceiling slab area is referred to as the Cell Island (see Figure 3).  The Cell 

Island and the adjacent concrete ceiling slab that surrounds it, referred to as the Curtain Slab are 

supported by steel beams resting on steel columns (see Figure 4) that are in turn supported by 

concrete pedestals built on top of the basement slab (see Figure 5).  The curtain slab is also 

supported by the basement walls.  The steel beams, the columns, and the concrete pedestals will 

be all be removed to the floor grade as a part of the demolition process. 

 

Subsurface conditions at the site were evaluated by Tetra Tech in the Unit 4 and 5 Buildings 

Investigation Work Plan (March, 2015a).  The site at Unit 4 is underlain by alluvial deposits 

described as reddish-brown discontinuous layers of sand and gravel with minor amounts of silt, 

clay and caliche.  Up to 10 feet of fill has been encountered in some locations.  The contact between 

the base of the sandy alluvium and the top of the underlying silty Upper Muddy Creek Formation 

is encountered at approximately 27 to 45 feet below ground surface at the site. 

 

According to previous work at the site the depth to groundwater at the site ranges from 

approximately 27 to 80 feet.  Therefore it is anticipated that groundwater will not have any effect 

on the transmission of vibrations to the protected structures. 
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Figure 6.  Sandvik BR 4099 Hydraulic Breaker 

 

 
Figure 7.  Steel Cutters 
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VIBRATION PROPAGATION AND ATTENUATION 

 

The estimate of vibration propagations around the subject demolition area is complicated.  

Conventionally, construction vibrations propagation from the vibrations source and through the 

soil are evaluated but in this case, the transfer of the vibrations to the ground is through the concrete 

ceiling slab, then through the steel column supports, and then through a large concrete basement 

floor slab and the perimeter basement walls.  The vibrations propagation in this highly 

discontinuous and heterogeneous environment may be affected by localized effects, resonance, 

refraction, and presently unknown structural detailing that cannot be readily anticipated, qualified, 

and quantified.  For instance, the continuity of the concrete basement slab and/or connection of 

the concrete basement floor in the Unit 4 Cell Building with the basement floor slab in the 

Substation Building may provide a direct path for the vibrations to propagate into the basement of 

the Substation Building.  Consequently the herein presented analyses should be considered 

estimates that need to be verified in the field by direct measurements. 

 

The vibrations generated by the hydraulic hammer breaking down the concrete ceiling will 

propagate through the supporting steel beams columns into the basement floor slab.  Because of 

the relatively high stiffness of the concrete basement floor slab, the high frequency components of 

the vibrations will be primarily conveyed by the slab with relatively little attenuation and 

secondarily transferred to the surrounding soil.  These vibrations generated by the hydraulic 

hammer are considered continuous and therefore are subject to the most stringent PPV threshold 

criteria which are expected to govern the impact on the adjacent structures.  The vibrations caused 

by the fall of the broken concrete ceiling is an isolated/discreet transient event and therefore higher 

threshold PPV limits may be adopted.  The movement of the equipment on the basement slab will 

generate lower level continuous vibrations and is not expected to govern the protection procedures. 

 

In describing vibrations in the ground and in structures, the motion of a particle (i.e., a point in or 

on the ground or structure) is used.  Vibratory motion is commonly described by identifying the 

peak particle velocity (PPV), which is the maximum zero-to-peak amplitude of the particle 

velocity at a given location over time.  Vibration amplitude can be described in terms of a vertical 

component, a horizontal longitudinal component; a horizontal transverse component, and by the 

resultant vector, which is the vector sum of the horizontal and vertical components.   

 

When the ground is subject to vibratory excitation from a vibratory source, a disturbance 

propagates away from the vibration source.  The waves generated are a combination of 

compressional primary body waves (P-waves), shear secondary body waves (S-waves) and 

Rayleigh surface waves (R-waves).  These waves travel at different speeds: P-wave is the fastest, 

followed by the S-wave, then the R-wave.  For a single short-duration excitation about 67% of the 

energy is transmitted in the R-wave, 26% in the S-wave and 7% in the P-wave.  Therefore the 

R wave is the most significant disturbance along the surface of the ground.  Furthermore, the 

R wave decays much more slowly with distance than body waves, thus R-waves are the primary 

concern for impact on foundations and structures on or near the ground surface. 

 

Caltrans (2013) and other agencies and researchers use the vertical PPV component for assessing 

the vibrations because vibration amplitude along the ground surface is usually the greatest in the 

vertical direction and the vertical component is usually representative of the vibration in all three 
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orthogonal directions.  Most of the published criteria are therefore based on the correlations with 

the vertical PPV. 

 

The general form of the equation to predict PPV attenuation is given below: 

 

𝑃𝑃𝑉𝐷𝑥
= 𝑃𝑃𝑉𝑟𝑒𝑓(𝐷𝑟𝑒𝑓/𝐷𝑥)𝑛 (in/sec) 

 

Where: 

 

𝑃𝑃𝑉𝐷𝑥
  … is the PPV at a distance from the vibration source 𝐷𝑥  

𝑃𝑃𝑉𝑟𝑒𝑓 … is the PPV measured at a reference distance from the vibration source 𝐷𝑟𝑒𝑓  

𝐷𝑟𝑒𝑓  … is a reference distance from the vibration source 

𝐷𝑥  … is a distance from the vibration source at which the PPV is estimated  

𝑛 … is the slope or attenuation rate 

 

The value of 𝑛 is a function of the soil type and it usually ranges between 1 and 1.5.  Caltrans 

recommends that for competent soils such as the soils encountered at the site a value of 1.3 be 

used, whereas for hard competent rock a value of 1.0 is recommended.  Since the construction 

vibrations are likely to be influenced by the presence of the stiff concrete basement slab and the 

upper subsurface soils a value of 1.0 suitable for competent rock has been used in this document. 

 

Furthermore, in order to modify the attenuation relationship for different levels of source energy 

E1 and E2, the PPV amplitude changes from PPV1 to PPV2 according to the following equation: 

 

𝑃𝑃𝑉2 =  𝑃𝑃𝑉1 (𝐸2/𝐸1)0.5 

 

These equations assume that the 𝑛 coefficient which represents material damping is independent 

of the vibration frequency.  This is considered acceptable because damage levels correlated to the 

PPV in the frequency range of 1-80 Hz tend to be independent of the frequency. 

 

To estimate the PPV attenuation for the hydraulic breaker the following equation recommended 

by Caltrans (2013) was used: 

 

𝑃𝑃𝑉𝐷𝑥
= 𝑃𝑃𝑉𝑟𝑒𝑓(𝐷𝑟𝑒𝑓/𝐷𝑥)𝑛(𝐸𝑒𝑞𝑢𝑖𝑝)/𝐸𝑟𝑒𝑓)0.5 (in/sec) 

 

Where: 

 

𝑃𝑃𝑉𝑟𝑒𝑓  … is 0.24 in/sec for a reference hydraulic breaker at a distance 𝐷𝑥 of 25 feet 

from the vibration source 

𝐸𝑟𝑒𝑓  … is 5,000 lbs-ft (rated energy of the reference hydraulic breaker) 

𝐸𝑒𝑞𝑢𝑖𝑝  … is 11,000 lbs-ft (rated energy for Sandvik hydraulic breaker BR4099) 

𝑛  … is 1.0 
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To estimate the PPV attenuation for the haul trucks the following equation recommended by 

Caltrans (2013) was used: 

 

𝑃𝑃𝑉𝐷𝑥
= 𝑃𝑃𝑉𝑟𝑒𝑓(𝐷𝑟𝑒𝑓/𝐷𝑥)𝑛 (in/sec) 

 

Where: 

 

𝑃𝑃𝑉𝑟𝑒𝑓  … is 0.076 in/sec for a reference haul truck at a distance 𝐷𝑥 of 25 feet from the 

vibration source 

 

To estimate the PPV attenuation generated by the piece of falling concrete the attenuation 

relationship recommended by Wiss (1981) for a 2-ton ball falling 40 feet to the ground was 

modified to account for the different level of energy using the above-provided scaling equation: 

 

𝑃𝑃𝑉2 =  𝑃𝑃𝑉1 (𝐸2/𝐸1)0.5 

Where, 

  

 𝑃𝑃𝑉1 … is the PPV determined for a 2-ton ball falling 40 feet (from Wiss, 1981) 

 E1 … is the energy delivered by the 2-ton ball falling 40 feet, i.e., 160,000 lbs-ft 

 E2 … is the energy delivered by the concrete slab falling 8 feet, i.e., 25,350 lbs-ft 

 

and 𝑃𝑃𝑉1 is given by the following equation: 

 

𝑃𝑃𝑉1 = 28.714 (𝐷𝑥)−1.501 (in/sec)  

 

The estimated PPV attenuation for these three primary sources of vibration are plotted in Figure 8 

as a function of distance 𝐷𝑥 from the source.  This chart is to be used for the estimate of the 

vibrations generated during the demolition activities and for evaluation of the demolition vibration 

impact on the adjacent structures.  This chart can be used to answer questions regarding the 

magnitude of PPV at any distance from the source of vibration for any of the selected demolition 

activities simply by selecting the demolition activity and the distance of the investigated point 

from the demolition activity and then reading of the estimated PPV on the vertical axis.  This PPV 

can then be compared against the threshold PPV levels discussed later in this document. 

 

Figure 8 indicates that the vibrations produced by the hydraulic breaker (red line) will be the 

controlling vibrations for the project.  The vibrations produced by the falling concrete slab (blue 

line) and by the haul trucks (orange line) are provided for comparison purposes and are, as 

expected, much lower than the vibration amplitudes of the hydraulic breaker. 
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CONTINGENCY PLAN 

 

Because of the already discussed complexity of the vibrations propagation prediction, it is 

recommended to consider contingency measures to augment, if needed, the protection of the 

protected structures.  Specifically, it is recommended that if the vibrations at the protected 

structures are exceeding the acceptable PPV thresholds or if better control and/or damping of the 

vibrations is desired, that at least a 5 feet wide swath of concrete basement slab be cut along the 

perimeter of the basement to separate the basement walls from the basement floor slab and thus 

reduce the vibrations transfer into the basement walls.  Additionally, to further augment the control 

of the vibrations, a trench about 3 feet deep and 3 feet wide may be excavated in the soil in the 

cut-out swath along the basement perimeter to intercept some of the the surface waves and confine 

the vibrations propagation. 
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LIMITATIONS 

 

The recommendations and opinions expressed in this report are based on Tetra Tech BAS 

GeoScience’s review of provided background documents prepared by others at the site.   

 

Conditions not observed and described in this report may be present on the site.  Uncertainties 

relative to vibration propagation through the concrete basement slab and the adjacent conjoined 

structures can be resolved through a well devised monitoring program. 

 

Tetra Tech BAS GeoScience’s recommendations for this site are dependent upon appropriate 

quality control of the vibration monitoring program.  Accordingly, the recommendations are made 

contingent upon the opportunity for Tetra Tech BAS GeoScience to observe and monitor the 

vibrations due to demolition activities at the Unit 4 Cell Building.  If parties other than Tetra Tech 

BAS GeoScience are engaged to provide such services, such parties must be notified that they will 

be required to assume complete responsibility for the vibration monitoring and evaluation. 

 

This document is intended to be used only in its entirety.  No portion of the document, by itself, is 

designed to completely represent any aspect of the project described herein.  Tetra Tech BAS 

GeoScience should be contacted if the reader requires additional information or has questions 

regarding the content, interpretations presented, or completeness of this document.  Reliance by 

others on the data presented herein or for purposes other than those stated in the text is authorized 

only if so permitted in writing by Tetra Tech BAS GeoScience.  It should be understood that such 

an authorization may incur additional expenses and charges. 

 

Tetra Tech BAS GeoScience has endeavored to perform its evaluation using the degree of care 

and skill ordinarily exercised under similar circumstances by reputable geotechnical professionals 

with experience in this area in similar soil conditions.  No other warranty, either expressed or 

implied, is made as to the conclusions and recommendations contained in this report. 
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CLOSURE 

 

Thank you for the opportunity to be of service on this project.  If you have any questions or if we 

can be of further assistance, please do not hesitate to contact the undersigned at (909) 860-7777. 

 

 

Sincerely, 

Tetra Tech BAS GeoScience 

 

 

 

 

  

Fernando Cuenca, Ph.D., P.E 

Project Engineer. 

Peter Skopek, Ph.D., G.E. 

Principal Engineer  
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SECTION 01 35 23 SPE

FALLING DEBRIS MITIGATION

PART 1 - GENERAL

1.01 SUMMARY

A. This Specification describes the use of temporary scaffolding to protect equipment
and piping from falling debris at the Unit 4 Chlorinator Building and caution tape
and warning signs to cordon off the area below the north face of the Substation
Building to block access to workers to protect them from falling bricks.

B. This specification describes the area of the site cordoned off from pedestrian access
north of the Substation building.

C. The work includes, but is not limited to, designing, providing and erecting the
scaffolding, providing caution tape and warning signs to cordon off the designated
area, maintaining the scaffolding and barriers throughout the course of the project,
and removal at the conclusion of the project.

1.02 SUBMITTAL

A. An installation plan for the scaffolding and barriers shall be submitted to the
Engineer for review prior to installation.

1.03 HEALTH & SAFETY

A. Site–specific health and safety training, provided by Tronox and Tetra Tech, is
required for all personnel who will be onsite.

B. Contractor shall coordinate access to active work areas with Tronox and other
Contractors on the site.

PART 2 - PRODUCTS

2.01 MANUFACTURER

A. The Contractor shall select the appropriate manufactures for the scaffolding and
barriers. This information shall be included in the required submittal.

2.02 PERFORMANCE CRITERIA
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A. The purpose of the scaffolding is to protect the elevated piping suspended off the
south wall of the Chlorinator Building from damage that may result from CMU
blocks dislodging and falling during the demolition activities.

1. The scaffolding shall be designed for a distributed load of 150 pounds per
square foot.

B. The purpose of the concrete barriers is to prevent pedestrian access to the area
indicated in Part 3. The contractor shall supply temporary concrete roadway
barriers that can be readily moved using a forklift or small crane.

1. Barriers shall be located along the perimeter of the indicated area and shall
not have more than three inches between adjacent barriers (end to end).

2.03 CODES AND STANDARDS

A. Unless noted otherwise, the latest issues of the following Specifications, Codes and
Standards, including revisions and supplements in effect as of September 1, 2015,
form a part of this Specification in their entirety, except as modified by this
Specification.

B. American Society for Testing and Materials (ASTM)

C-825 Standard Specification for Precast Concrete Barriers

E661-03 Standard Test Method for Performance of Wood and Wood-Based Floor and Roof
Sheathing Under Concentrated Static and Impact Loads

E695-03 Standard Test Method of Measuring Relative Resistance of Wall, Floor, and Roof
Construction to Impact Loading

C. ANSI/ASSE A10.8 – Scaffolding Safety Requirements

D. Occupational Safety and Health Administration (OSHA), Department of Labor

1. Title 29 - Part 1910 - Occupational Safety and Health Standards.

2. Title 29 - Part 1926 - Safety and Health Regulations for Construction.

E. Should a conflict be found between the listed codes and standards and this
Specification, the conflict shall be submitted to the Engineer for resolution prior to
proceeding with the affected work.

F. Related Sections: 01 71 33
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PART 3 - EXECUTION

3.01 INSTALLATION

A. Scaffolding shall be installed along the south side of the Chlorinator building and
shall extend up approximately twenty feet, or as needed to protect the elevated
piping. See Figure 1.

B. Concrete barriers shall be installed at ground level north of the Substation Building
and shall prevent pedestrian access to the area between the Substation Building and
the Cell Building area. Barriers shall not be located in the Cell Floor area basement
or on top of the Cell Floor itself. See Figure 1.

1. After barriers are installed, Contractor shall carefully remove all visibly
loose Façade Bricks from the north wall of the Substation Building. If other
deficiencies in the building wall are identified as a result of or during this
brick removal, the Contractor shall notify Tetra Tech personnel
immediately.

C. Method of installation shall be determined by the Contractor and submitted to the
Engineer for approval prior to installation.

3.02 MAINTENANCE

A. Scaffolding and barriers shall be inspected at the beginning and end of each work
shift, by the Contractor, in order to verify that each are still intact and in compliance
with the performance requirements of this specification.

B. Debris that may collect on the scaffolding shall be removed immediately after
discovery. Debris shall be disposed of in accordance with project specifications.

C. If it is observed that debris has fallen outside the perimeter of the cordoned off area
north of the Substation Building, the Contractor shall immediately notify Tetra
Tech personnel. The perimeter shall be reevaluated by the Contractor and Tetra
Tech for the likelihood of future debris falling outside of the perimeter. If such
potential exists, the perimeter shall be extended as required to contain all falling
debris within the perimeter of the warning tape.

D. Any defects that are noted must be repaired immediately following the inspection
by the Contractor.

3.03 DEMOBILIZATION
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A. At the end of the project all scaffolding, barriers and associated attachments shall
be removed and disposed of by the Contractor.
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SECTION 01 71 33 SPE

EXISTING EQUIPMENT PROTECTION

PART 1 - GENERAL

1.01 SUMMARY

A. This Specification describes the temporary shielding of equipment in the Unit 4
Chlorinator Building.

B. The Work includes, but is not limited to, providing the temporary structure
materials, constructing the temporary structures, maintaining the structures
throughout the life of the project, and removing the structures at the conclusion of
the project.

1.02 SUBMITTAL

A. A design and installation plan for the temporary shielding structures shall be
submitted to the Engineer prior to installation.

1.03 HEALTH & SAFETY

A. Site–specific health and safety training, provided by Tronox and Tetra Tech, is
required for all personnel who will be onsite.

B. Contractor shall coordinate access to active work areas with Tronox and other
Contractors on the site.

PART 2 - PRODUCTS

2.01 MANUFACTURER

A. The temporary structures shall be constructed out of scaffolding unless another
solution is approved by the Engineer.

B. Substitutions: The use of other than the specified structure will be considered,
providing the contractor requests its use in writing to the Engineer. This request
shall be accompanied by a design and installation plan for the alternative structure.

2.02 PERFORMANCE CRITERIA

A. The purpose of the temporary structures is to protect the equipment in the
Chlorinator Building from damage that may result from concrete spalling that is
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actively occurring from the existing concrete structure above the equipment and
other falling debris.

B. The temporary structures shall be designed to absorb an impact load of 10,000
pounds (force).

C. The temporary structures will be maintained during the course of the project and
dismantled at the completion of the project.

2.03 CODES AND STANDARDS

A. Unless noted otherwise, the latest issues of the following Specifications, Codes and
Standards, including revisions and supplements in effect as of September 1, 2015,
form a part of this Specification in their entirety, except as modified by this
Specification.

B. ANSI/ASSE A10.8 – Scaffolding Safety Requirements.

C. American Society for Testing and Materials (ASTM)

E661-03 Standard Test Method for Performance of Wood and Wood-Based Floor and Roof
Sheathing Under Concentrated Static and Impact Loads

E695-03 Standard Test Method of Measuring Relative Resistance of Wall, Floor, and Roof
Construction to Impact Loading

D. Occupational Safety and Health Administration (OSHA), Department of Labor

1. Title 29 - Part 1910 - Occupational Safety and Health Standards.

2. Title 29 - Part 1926 - Safety and Health Regulations for Construction.

E. Should a conflict be found between the listed codes and standards and this
Specification, the conflict shall be submitted to the Engineer for resolution prior to
proceeding with the affected work.

F. Related Sections – N/A

PART 3 - EXECUTION

3.01 INSTALLATION

A. The temporary structures shall be provided by the Contractor and installed over the
equipment that is located in the Unit 4 Chlorinator Building. The equipment
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includes two (2) compressors, (3) receivers and (1) air dryer as shown in Exhibit A
of this specification.

B. The temporary structure designs and installations shall be the responsibility of the
Contractor and shall be approved by the Engineer prior to installation.

3.02 MAINTENANCE

A. The temporary structure shall be inspected at the beginning and end of each work
shift, by the Contractor, in order to verify that it is still capable of protecting the
equipment. These inspections shall be recorded and submitted to the Engineer each
day.

B. Debris that may collect on the scaffolding shall be removed immediately after
discovery. Debris shall be disposed of in a rolloff container provided by the
contractor and the contents shall be disposed of in accordance with site
requirements.

C. Repairs shall be made immediately by the Contractor if required. When repairs are
deemed necessary the Contractor shall notify the onsite representative of the
Engineer immediately.

3.03 DEMOBILIZATION

A. At the completion of the project the temporary structures shall be disassembled and
removed from the site by the Contractor.
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SECTION 02 22 13 SPE

VIBRATION AND CRACK MONITORING

PART 1 - GENERAL

1.01 SUMMARY

A. This Specification describes the vibration and crack monitoring equipment that
shall be installed in and on the Unit 4 Substation Building during the demolition
work in the Cell Deck Area, see Exhibit A.

B. The Work includes, but is not limited to, developing a monitoring plan, supplying
all required vibration and crack monitors, monitoring equipment, notification
systems, installing and monitoring the system, and removing all equipment at the
conclusion of the project.

C. Protection of monitoring equipment and AC power sources shall be provided by
the Owner.

1.02 QUALITY ASSURANCE

A. Contractor qualifications: Contractor shall be qualified in the field of vibration and
crack monitoring with a successful track record of 5 years or more. Contractor shall
maintain qualified personnel who have received proper training on the equipment
being used.

1.03 SUBMITTAL

A. Contractor shall submit one (1) electronic copy of their monitoring plan, to include:
list of equipment, locations of monitors, description of notification process,
established vibrational and crack movement limits that shall result in work
limitations or stoppages and supporting documentation for these limits.

B. Contractor shall submit weekly reports summarizing and interpreting the vibration
and crack monitoring results.

1.04 HEALTH & SAFETY

A. Site–specific health and safety training, provided by Tronox and Tetra Tech, is
required for all personnel who will be onsite.

B. Contractor shall coordinate access to active work areas with Tronox and other
Contractors on the site.
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PART 2 - PRODUCTS

2.01 PERFORMANCE CRITERIA

A. Performance thresholds have been established as follows:

1. Peak particle velocity (PPV) of 0.25 inches per second (in/sec) for
continuous vibrations (hydraulic hammer use, equipment traffic); and

2. PPV of 0.60 in/sec for transient event (slab drop).

3. The Final Demolition Work Plan Unit 4 Cell Building, Nevada
Environmental Response Trust Site Henderson, Nevada provides a
Vibration Monitoring Decision Matrix that describes how to respond to
vibration readings that exceed the PPV threshold values listed above.

B. Thresholds shall be determined after baseline data has been evaluated by the
Contractor.

2.02 CODES AND STANDARDS

A. Unless noted otherwise, the latest issues of the following Specifications, Codes and
Standards, including revisions and supplements in effect as of September 1, 2015,
form a part of this Specification in their entirety, except as modified by this
Specification.

B. Occupational Safety and Health Administration (OSHA), Department of Labor

1. Title 29 - Part 1910 - Occupational Safety and Health Standards.

2. Title 29 - Part 1926 - Safety and Health Regulations for Construction.

C. Should a conflict be found between the listed codes and standards and this
Specification and/or Project Design Drawings, the conflict shall be submitted to the
Engineer for resolution prior to proceeding with the affected work.

D. Related Sections

1. Section 02 25 16 SPE – Existing Concrete and CMU Crack Survey

PART 3 - EXECUTION

3.01 METHOD
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A. Baseline vibration shall be measured and evaluated for at least two days prior to the
commencement of demolition work.

B. A monitoring plan and thresholds shall be established by the Contractor, in
conjunction with the structural engineer, based on the baseline data and a site walk
through.

C. The Contractor shall monitor vibration and crack movement continuously using
seismographs, tri-axial geophones, and crack monitoring devices during the
demolition work.

D. If the type of crack monitor used requires manual reading then the monitors shall
be read, and the data recorded and compared to the previous reading, at the start
and end of every work day and immediately after any threshold alarm events.

E. The monitoring instrumentation shall provide alerts via text message or email when
a threshold level is exceeded. It shall also indicate a threshold exceedance using a
local siren and/or an alarm light.

F. Interpretation of the results shall be provided by the Contractor and submitted to
the Engineer.

G. If required, vibration mitigation techniques shall be designed and implemented by
the Contractor and the Engineer.

3.02 CLEANING

A. At the end of the project all equipment and monitors shall be removed from the
project by the Contractor.

B. If damage is done to the building when monitors are removed the Contractor shall
be responsible for any required repairs.

PART 4 - EXHIBIT A
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Figure 3: Structure in Basement of Substation Building
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Figure 4: Structure in Basement of Substation Building
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Figure 5: Existing Cracks in Basement of Substation Building at Eastern Doorway
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Figure 6: Main Floor of Substation Building

END OF SECTION
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SECTION 02 25 16 SPE

EXISTING CONCRETE AND CMU CRACK SURVEY

PART 1 - GENERAL

1.01 SUMMARY

A. This Specification describes the assessment of existing structural concrete and
concrete masonry unit (CMU) walls in the Unit 4 Substation Building.

B. The Work includes, but is not limited to, visual inspection of structural components
of the north wall of the Substation Building, measurements (depth, width, and
length) of all cracks (greater than 1/32” in width) observed, ultrasonic pulse
velocity (UPV) mapping of the structural concrete in the north wall of the
Substation Building in order to identify any potential delaminations or other
defects, determination of mitigation techniques where required, and correlation of
all of the gathered data into a usable spreadsheet or database.

1.02 SUBMITTAL

A. An inspection plan shall be submitted to the Engineer prior to the beginning of the
survey work.

B. Once the survey is complete a report summarizing the findings of the survey shall
be prepared and submitted to the Engineer. This report shall include, at a minimum:

1. A summary that identifies all observed cracks (greater than 1/32” in width)
and other defects in the walls including locations.

2. Measurements of all defects and cracks (greater than 1/32” in width).

3. A comprehensive list of all cracks (greater than 1/32” in width) and defects
that have been identified by the Contractor as requiring mitigation, and the
method determined by the Contractor to mitigate said cracks and defects.

4. Recent calibration data for equipment used in the survey.

1.03 HEALTH & SAFETY

A. Site–specific health and safety training, provided by Tronox and Tetra Tech, is
required for all personnel who will be onsite.
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B. Contractor shall coordinate access to active work areas with Tronox and other
Contractors on the site.

PART 2 - PRODUCTS

2.01 CODES AND STANDARDS

A. Unless noted otherwise, the latest issues of the following Specifications, Codes and
Standards, including revisions and supplements in effect as of September 1, 2015,
form a part of this Specification in their entirety, except as modified by this
Specification.

B. American Society for Testing and Materials (ASTM)

C597-09 Standard Test Method for Pulse Velocity Through Concrete

C823 Standard Practice for Examination and Sampling of Hardened Concrete in
Constructions

C. Occupational Safety and Health Administration (OSHA), Department of Labor

1. Title 29 - Part 1910 - Occupational Safety and Health Standards.

2. Title 29 - Part 1926 - Safety and Health Regulations for Construction.

D. American Society for Nondestructive Testing (ASNT)

1. ASNT CP-189, Standard for Qualification and Certification of
Nondestructive Testing Personnel.

2. ASNT Recommended Practice No. SNT-TC-1A, Personnel Qualification
and Certification in Nondestructive Testing.

E. Should a conflict be found between the listed codes and standards and this
Specification, the conflict shall be submitted to the Engineer for resolution prior to
proceeding with the affected work.

F. Related Sections

1. Section 03 62 13 SPE – Grout Crack Repair

2. Section 03 64 23 SPE – Epoxy Injected Crack Repair
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PART 3 - EXECUTION

3.01 VISUAL INSPECTIONS

A. Inspect every concrete and CMU wall, in the Unit 4 Substation Building, and
identify all cracks greater than 1/32” in width.

B. Measure width, length, and, when possible, depth of all identified cracks.

C. Identify all cracks that will require mitigation.

D. Recommend whether epoxy injection (generally less than 1/4” width) or grout shall
be used to mitigate each crack.

E. Document all information and submit to the Engineer.

3.02 ULTRASONIC PULSE VELOCITY (UPV) MAPPING

A. Calibrate equipment per the manufacturer’s instructions.

B. Take readings of all concrete and CMU wall surfaces.

C. Determine locations of defects using data attained.

D. Recommend mitigation method and extent for defects that require it.

E. Document all information and submit to the Engineer.
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Figure 3: Medium Sized Cracks in Substation Building
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Figure 4: Large Sized Cracks in Substation Building

END OF SECTION
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SECTION 03 62 13 SPE

GROUT CRACK REPAIR

PART 1 - GENERAL

1.01 SUMMARY

A. This Specification describes the grouting of cracks and voids with a Portland
cement, non-shrink, non-metallic grout to provide structural repair of concrete
members. Cracks that require repair will be identified as described in 02 25 16 SPE.

B. The Work includes, but is not limited to, supplying all required labor, materials,
and tools required to complete the repair of all identified cracks, that require repair.

1.02 QUALITY ASSURANCE

A. Manufacturing qualifications: The manufacturer of the specified product shall be
ISO 9001:2000 certified and have in existence a recognized ongoing quality
assurance program independently audited on a regular basis.

B. Contractor qualifications: Contractor shall be qualified in the field of concrete
repair and protection with a successful track record of 5 years or more. Contractor
shall maintain qualified personnel who have received product training by a
manufacturer's representative.

C. Install materials in accordance with all safety and weather conditions required by
manufacturer or as modified by applicable rules and regulations of local, state and
federal authorities having jurisdiction. Consult Material Safety Data Sheets for
complete handling recommendations.

1.03 DELIVERY, STORAGE, AND HANDLING

A. All materials must be delivered in original, unopened containers with the
manufacturer’s name, labels, product identification, and batch numbers. Damaged
material must be removed from the site immediately.

B. Store all materials off the ground and protect from rain, freezing or excessive heat
until ready for use.

C. Condition the specified product as recommended by the manufacturer.

1.04 JOB CONDITIONS
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A. Environmental Conditions: Do not apply material if it is raining or snowing or if
such conditions appear to be imminent. Minimum application temperature 45ºF
(7ºC) and rising, or as recommended by grout manufacturer.

B. Protection: Precautions should be taken to avoid damage to any surface near the
work zone due to mixing and handling of the specified material.

1.05 SUBMITTAL

A. Contractor shall submit one (1) electronic copy of manufacturer’s literature, to
include: Product Data Sheets, appropriate Material Safety Data Sheets (MSDS),
and schematic drawing showing area of work.

B. Contractor shall submit documentation verifying that all specified cracks have been
repaired.

1.06 WARRANTY

A. Provide a written warranty from the manufacturer against defects of materials for a
period of one (1) years, beginning with date of substantial completion of the project.

1.07 HEALTH & SAFETY

A. Site–specific health and safety training, provided by Tronox and Tetra Tech, is
required for all personnel who will be onsite.

B. Contractor shall coordinate access to active work areas with Tronox and other
Contractors on the site.

PART 2 - PRODUCTS

2.01 MANUFACTURER

A. SikaGrout 212, as manufactured by Sika Corporation, or an approved equivalent,
shall be used as the crack repair grout.

B. Substitutions: The use of other than the specified product will be considered
providing the contractor requests its use in writing to the Engineer. This request
shall be accompanied by (a) A certificate of compliance from an approved
independent testing laboratory that the proposed substitute product meets or
exceeds the specific performance criteria, tested in accordance with the specified
test standards; and (b) Documented proof that the proposed substitute product has
a five year proven record of performance of grouting cavities, voids, key ways, etc.
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as confirmed by actual field tests and five successful installations that the Engineer
can investigate.

2.02 MATERIALS

A. The portland cement grout shall be a non-shrink, non-metallic composition
containing a blend of selected portland cements, plasticizing/water-reducing
admixtures and shrinkage compensating agents. The shrinkage agents shall
compensate for shrinkage in both the plastic and hardened state.

B. The material shall be non-combustible, both before and after cure.

C. The material shall be supplied in a factory-blended bag.

D. Materials for forming, as required for the designated work, shall be approved by
the Engineer.

E. Curing compound, conforming to ASTM C-309, as required for the designated
work, shall be approved by the Engineer.

2.03 PERFORMANCE CRITERIA

A. Properties of the mixed portland cement grout:

1. Time of Set:

a. Initial Set: 3.0 hours min.

b. Final Set: 6.5 hours max.

2. Flow:100-124%

3. Color: concrete gray

4. The grout shall not exhibit bleeding.

5. The grout shall be segregate.

6. The grout shall be pumpable through standard grout pumping equipment.

B. Properties of the cured portland cement grout:

1. Compressive Strength at 28 days:

a. 1 day: 3800 psi min.
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b. 28 day: 7600 psi min.

2. Splitting Tensile Strength at 28 days: 500 psi min.

3. Flexural Strength at 28 days: 1200 psi min.

4. Bond Strength Plastic grout to hardened concrete at 28 days (moist
cure):1950 psi min.

5. Expansion at 28 days: +0.015% min.

6. The grout shall not produce a vapor barrier.

7. The grout shall exhibit positive expansion when tested in accordance to
ASTM C-827.

8. The grout shall conform to ASTM C-1107.

2.04 CODES AND STANDARDS

A. Unless noted otherwise, the latest issues of the following Specifications, Codes and
Standards, including revisions and supplements in effect as of September 1, 2015,
form a part of this Specification in their entirety, except as modified by this
Specification.

B. American Society for Testing and Materials (ASTM)

C-109 Standard Test Method for Compressive Strength of Hydraulic Cement Mortars

C-191 Standard Test Method for Time of Setting of Hydraulic Cement by Vicat Needle

C-266 Standard Test Method for Time of Setting of Hydraulic-Cement Paste by Gillmore
Needles

C-293 Standard Test Method for Flexural Strength of Concrete

C-309 Standard Specification for Liquid Membrane-Forming Compounds for Curing
Concrete

C-496 Standard Test Method for Splitting Tensile Strength of Cylindrical Concrete
Specimens

C-827 Standard Test Method for Change in Height at Early Ages of Cylindrical
Specimens of Cementitious Mixtures

C-882
(modified)

Standard Test Method for Bond Strength of Epoxy-Resin Systems Used With
Concrete By Slant Shear

C-939 Standard Test Method for Flow of Grout for Preplaced-Aggregate Concrete

C-1107 Standard Specification for Packaged Dry, Hydraulic-Cement Grout (Nonshrink)
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C. United States Army Corps of Engineers Specification

1. CRD C-621 – Specification for Non-Shrink Grout.

D. Occupational Safety and Health Administration (OSHA), Department of Labor

1. Title 29 - Part 1910 - Occupational Safety and Health Standards.

2. Title 29 - Part 1926 - Safety and Health Regulations for Construction.

E. Should a conflict be found between the listed codes and standards and this
Specification and/or Project Design Drawings, the conflict shall be submitted to the
Engineer for resolution prior to proceeding with the affected work.

F. Related Sections

1. Section 02 25 16 SPE – Existing Concrete and CMU Crack Survey

2. Section 03 64 23 SPE – Epoxy Injected Crack Repair

PART 3 - EXECUTION

3.01 MIXING AND APPLICATION

A. Mixing of the portland cement grout: Mix manually or mechanically. Manually mix
in a wheelbarrow or mortar box. Mechanically mix with a low-speed (400-600 rpm)
drill and jiffy paddle or in an appropriate sized mortar mixer. Add an appropriate
quantity of water to the mixing container to achieve the desired consistency. DO
NOT OVERWATER. While mixing the bag of powder shall be slowly added to the
mixer. Mix to a uniform consistency for a minimum of 2 minutes. Mix temperature
should be maintained at 70-75° F, using cold or warm water accordingly.

B. Placement Procedure:

1. Spalls: Within 15 minutes of mixing, pour the grout into the prepared form.
Work in a manner to avoid air entrapment. Vibrate the form as required to
achieve flow and compaction. Flowable grout must be confined in either the
horizontal or vertical direction, leaving a minimum of exposed surface.
After the grout has achieved its final set, remove any forms and trim or
shape exposed mortar/concrete to the desired profile, if required.
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2. Cracks: Within 15 minutes of mixing pour the grout into prepared crack.
Continue pouring until the crack has been completely filled. Alternatively
grout can be hand packed into cracks in a manner to avoid air entrapment.

C. Wet cure for a minimum of 3 days or apply a curing compound that conforms to
ASTM C-309 as approved by the Engineer.

D. Adhere to all limitations and cautions for the polymer-modified portland cement
coating in the manufacturer’s printed literature.

3.02 CLEANING

A. The uncured polymer-modified portland cement coating can be cleaned from tools
with water. The cured polymer-modified portland cement coating can only be
removed mechanically.

B. Leave finished work and work area in a neat, clean condition without evidence of
spillovers onto adjacent areas.

END OF SECTION
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SECTION 03 64 23 SPE

EPOXY INJECTED CRACK REPAIR

PART 1 - GENERAL

1.01 SUMMARY

A. This Specification describes the pressure injection of cracks with an epoxy resin.
This injection is to provide structural repair to the concrete members. Cracks that
require repair will be identified as described in 02 25 16 SPE.

B. The Work includes, but is not limited to, supplying all required labor, materials,
and tools required to complete the repair of all identified cracks, that require repair.

1.02 QUALITY ASSURANCE

A. Manufacturing qualifications: The manufacturer of the specified product shall be
ISO 9001/9002 certified and have in existence a recognized ongoing quality
assurance program independently audited on a regular basis.

B. Contractor qualifications: Contractor shall be qualified in the field of concrete
repair and protection with a successful track record of 5 years or more. Contractor
shall maintain qualified personnel who have received product training by a
manufacturer's representative.

C. Install materials in accordance with all safety and weather conditions required by
the manufacturer, or as modified by applicable rules and regulations of local, state
and federal authorities having jurisdiction. Consult Material Safety Data Sheets for
complete handling recommendations.

1.03 DELIVERY, STORAGE, AND HANDLING

A. All materials must be delivered in original, unopened containers with the
manufacturer's name, labels, product identification, and batch numbers. Damaged
material must be removed from the site immediately.

B. Store all materials off the ground and protect from rain, freezing or excessive heat
until ready for use.

C. Condition the specified product as recommended by the manufacturer.

1.04 JOB CONDITIONS
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A. Environmental Conditions: Do not apply material if it is raining or snowing or if
such conditions appear to be imminent. Minimum application temperature 40ºF
(5ºC) and rising, or as recommended by epoxy manufacturer.

B. Protection: Precautions should be taken to avoid damage to any surface near the
work zone due to mixing and handling of the specified product.

1.05 SUBMITTAL

A. Contractor shall submit one (1) electronic copy of manufacturer’s literature, to
include: Product Data Sheets, appropriate Material Safety Data Sheets (MSDS),
and schematic drawings showing area of work.

B. Contractor shall submit documentation verifying that all specified cracks have been
repaired.

1.06 WARRANTY

A. Provide a written warranty from the manufacturer against defects of materials for a
period of one (1) years, beginning with date of substantial completion of the project.

1.07 HEALTH & SAFETY

A. Site–specific health and safety training, provided by Tronox and Tetra Tech, is
required for all personnel who will be onsite.

B. Contractor shall coordinate access to active work areas with Tronox and other
Contractors on the site.

PART 2 - PRODUCTS

2.01 MANUFACTURERS

A. Sikadur 35 Hi-Mod LV, as manufactured by Sika Corporation, or an approved
equivalent, shall be used as the injected epoxy grout.

B. Sikadur Injection Gel, as manufactured by Sika Corporation or an approved
equivalent, shall be used as the crack and porting devices sealer.

C. Substitutions: The use of other than the specified product will be considered
providing the contractor requests its use in writing to the Engineer. This request
shall be accompanied by (a) A certificate of compliance from an approved
independent testing laboratory that the proposed substitute product meets or
exceeds the specific performance criteria, tested in accordance with the specified
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test standards; and (b) Documented proof that the proposed substitute product has
a five year proven record of performance of grouting cavities, voids, key ways, etc.
as confirmed by actual field tests and five successful installations that the Engineer
can investigate.

2.02 MATERIALS

A. Epoxy resin adhesive for pressure injection of cracks shall be Sikadur 35 Hi-Mod
LV, or an approved equivalent:

1. Component “A” shall be a modified epoxy resin of the diglycidiether
bisphenol A Type containing suitable viscosity control agents. It shall not
contain butyl glycidyl ether.

2. Component “B” shall be primarily a reaction product of a selected amine
blend with an epoxy resin of the diglycidiether bisphenol A Type containing
suitable viscosity control agents, pigments, and accelerators.

3. The ratio of component A: component B shall be per manufacturer’s
recommendations.

4. The material shall not contain asbestos.

B. Epoxy resin adhesive for sealing of cracks & porting devices shall be Sikadur
Injection Gel, or an approved equivalent:

1. Component “A” shall be a modified epoxy resin of the diglycidiether
bisphenol A Type containing suitable viscosity control agents. It shall not
contain butyl glycidyl ether.

2. Component “B” shall be primarily a reaction product of a selected amine
blend with an epoxy resin of the diglycidiether bisphenol A Type containing
suitable viscosity control agents, pigments, and accelerators.

3. The ratio of component A: component B shall be per manufacturer’s
recommendations.

4. The material shall not contain asbestos.

C. Porting devices as required for either manual or automated application. Porting
devices for automated application shall be supplied from manufacturer of the
pressure injection equipment.

2.03 PERFORMANCE CRITERIA
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A. Properties of the mixed epoxy resin adhesive used for the pressure injection
grouting:

1. Minimum Pot Life: 25 minutes (60 gram mass) @ 73° F

2. Tack-Free Time: 90° F (32° C) 1.5 to 2 hours
75°F (24° C) 3 to 3.5 hours
40°F (5° C) 14-16 hours

3. Viscosity: Approx. 375 cps. (mixed)

4. Color: Clear, pale yellow

B. Properties of the cured epoxy resin adhesive used for pressure injection grout:

1. Minimum Compressive Strength (ASTM D-695)
a. 3 day: 10,700 psi (73.8 MPa)
b. 7 day: 11,000 psi (75.8 MPa)
c. 28 day: 13,000 psi (89.6 MPa)
d. Compressive Modulus, 7 day min: 320,000 psi (2,200 Mpa)

2. Minimum Shear Strength (ASTM D-732)
a. 14 day: 5,100 psi ( 35 MPa)

3. Minimum Flexural Strength (ASTM D-790)
a. 14 day: 14,000 psi (97.0 MPa)
b. Tangent Modulus of Elasticity in Bending, 14 day min: 370,000 psi

(2,600 Mpa)

4. Minimum Bond Strength (ASTM C-882), 14 days (moist cure):

a. Hardened Concrete to Hardened Concrete = 2,900 psi (20 Mpa)

5. Maximum Water Absorption (ASTM D-570), 7day
a. 24 hour immersion = 0.27%

6. Minimum Tensile Properties (ASTM D-638) min.
a. 7 day Tensile Strength = 8,900 psi (61 Mpa)

Elongation at Break = 5.4%
b. 14 day Modulus of Elasticity = 410,000 psi (2800 Mpa)

C. Properties of the mixed epoxy resin adhesive used for sealing of cracks & porting
devices:

1. Minimum Pot Life: 30 minutes (60 gram mass) @ 73° F
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2. Tack-Free Time: 75° F (24° C) 2 to 3.5 hours
40° F (5° C) 14-16 hours

3. Consistency: Smooth, Non-sag paste

4. Color: Gray

D. Properties of the cured epoxy resin adhesive used for sealing of cracks & porting
devices:

1. Minimum Compressive Strength (ASTM D-695) @ 73F
a. 1 day: 8,000 psi (55.1 MPa)
b. 3 day: 10,000 psi (68.9 MPa)
c. 28 day: 10,000 psi (68.9 MPa)
d. Compressive Modulus, psi : 7 day min: 270,000 psi ( Mpa)

2. Minimum Shear Strength (ASTM D-732)

a. 14 day: 3,700 psi (25.5 MPa)

3. Minimum Flexural Strength (ASTM D-790)
a. 14 days: 6,700 psi (46.2 MPa)
b. Tangent Modulus of Elasticity in Bending 14 day min: 750,000 psi

4. Minimum Bond Strength ASTM C-882, 14 days (moist cure):
a. Hardened Concrete to Hardened Concrete = 2,600 psi (17.9 Mpa)

5. Maximum Water Absorption (ASTM D-570), 7 day
a. 24 hour immersion = 0.11%

6. Minimum Tensile Properties (ASTM D-638) min.
a. 7 day Tensile Strength = 4,300 psi (29.7 Mpa)

Elongation at Break = 1.3%
b. b. 14 day Modulus of Elasticity = 410,000 psi (2800 Mpa)

2.04 CODES AND STANDARDS

A. Unless noted otherwise, the latest issues of the following Specifications, Codes and
Standards, including revisions and supplements in effect as of September 1, 2015,
form a part of this Specification in their entirety, except as modified by this
Specification.

B. American Society for Testing and Materials (ASTM)
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C-881 Standard Specification for Epoxy-Resin-Base Bonding Systems for Concrete

C-882 Standard Test Method for Bond Strength of Epoxy-Resin Systems Used With
Concrete By Slant Shear

D-570 Standard Test Method for Water Absorption of Plastics

D-638 Standard Test Method for Tensile Properties of Plastics

D-648 Standard Test Method for Deflection Temperature of Plastics Under Flexural Load
in the Edgewise Position

D-695 Standard Test Method for Compressive Properties of Rigid Plastics

D-732 Standard Test Method for Shear Strength of Plastics by Punch Tool

D-790 Standard Test Methods for Flexural Properties of Unreinforced and Reinforced
Plastics and Electrical Insulating Materials

C. Occupational Safety and Health Administration (OSHA), Department of Labor

1. Title 29 - Part 1910 - Occupational Safety and Health Standards.

2. Title 29 - Part 1926 - Safety and Health Regulations for Construction.

D. Should a conflict be found between the listed codes and standards and this
Specification and/or Project Design Drawings, the conflict shall be submitted to the
Engineer for resolution prior to proceeding with the affected work.

E. Related Sections

1. Section 02 25 16 SPE – Existing Concrete and CMU Crack Survey

2. Section 03 62 13 SPE – Grout Crack Repair

PART 3 - EXECUTION

3.01 MIXING AND APPLICATION

A. Mixing the epoxy resin adhesive for sealing the cracks & porting devices:

1. Premix each component. Proportion Component “A” and Component “B”
into a clean, dry mixing pail according to manufacturer’s recommendations.

2. Mix thoroughly as recommended by manufacturer or dispense from a ready
to use prepackaged coaxil cartridge.

3. Mix only that quantity of material that can be used within its pot life.
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B. Mixing of the epoxy resin adhesive used for the pressure injection grouting:

1. Premix each component. Proportion Component “A” and Component “B”
into a clean, dry mixing pail according to manufacturer’s recommendations.

2. Mix thoroughly as recommended by manufacturer.

3. Mix only that quantity of material that can be used within its pot life.

C. Placement procedure:

1. Set the porting devices as required by the equipment manufacturer. Spacing
of the porting devices shall be accomplished as required to achieve the
travel of the epoxy resin for the pressure injection grouting between ports
to fill the cracks to the maximum. On structures open on both sides, provide
porting devices on opposite sides at staggered elevations.

2. Apply the mixed epoxy resin adhesive for sealing over cracks and around
each porting device to provide an adequate seal to prevent the escape of the
epoxy resin adhesive for the injection grouting.

3. Allow epoxy resin adhesive for sealing to dry as specified by the
manufacturer.

4. Load the mixed epoxy resin adhesive for grouting into a disposable caulking
cartridge or bulk-loading caulking gun.

5. Inject the prepared cracks with a constant pressure in order to achieve
maximum filling and penetration without the inclusion of air pockets or
voids in the epoxy resin adhesive.

6. Begin the pressure injection at the widest part of the crack being injected
and continue until there is the appearance of epoxy resin adhesive at an
adjacent port, thus indicating travel.

7. When travel is indicated, the decision to discontinue or continue the
pressure injection from that port should be made by the contractor based on
experience, with the approval of the Engineer.

8. Continue procedure until pressure injectable crack has been filled.

D. If penetration of any crack is impossible, consult the Engineer before discontinuing
the injection procedure. If modification of the proposed procedure is required to fill
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the cracks, submit said modification in writing to the Engineer for acceptance prior
to proceeding.

E. Adhere to all limitations and cautions for the epoxy resin adhesive in the
manufacturer’s current printed literature.

3.02 CLEANING

A. After the epoxy resin adhesive for grouting has cured, the epoxy resin adhesive for
sealing cracks and porting devices shall be removed as required by the Engineer.
Clean the substrate in a manner to produce a finish appearance acceptable to the
owner.

B. The uncured epoxy resin adhesive can be cleaned from tools with approved solvent.
The cured epoxy resin adhesive can only be removed mechanically.

C. Leave finished work and work area in a neat, clean condition without evidence of
spillovers onto adjacent areas.

END OF SECTION


