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Responses to DPW Comments 28, 32, and 34 on Excavatability



Preparation for Meeting with Port, MRP, TAP and City Thursday, 15 April 2020 RE: Excavatability (Removability) of LCC   
(rev.01 expanded response regarding pipe trench details and excavatability/removability) 
Responses to questions 28, 32 and 34 from Public Works 
 

Comment 
No. 

Document Reviewed Page Text or figure Comment/Issue Proposed Revision or Solution Response 

28 Mission Rock 
Lightweight Cellular 
Concrete Technical 
Advisory Panel, 
Technical Review 
Report, dated March 
12, 2020 

Appendix A Page 6 LCC Excavatability Memorandum states: "...LCC with a maximum compressive 
strength of 300 psi is likely the upper limit for which LCC 
can still be  excavated.  The  specification  for  the  LCC  
specifies  a  maximum  28-day compressive strength of 200 
psi. Because strength can continue to increase beyond 28 
days, it is appropriate to specify 200 psi so that the LCC 
strength does not ultimately exceed 300 psi overtime and 
is still excavatable." 
However ACI 229R-13 states for Consolidated Low Strength 
Materials: "Long-term strengths (90 to 180 days) should be 
targeted to be less than 100 psi (0.7 MPa) for excavation 
with hand tools" and "5.3.7 Excavatability — The ability to 
excavate CLSM is an important consideration on many 
projects. In general, CLSM with a compressive strength of 
100 psi (0.7 MPa) or less can be excavated manually." 
Further, National Ready Mixed Concrete Association Guide 
Specification for Controlled Low Strength Materials (CLSM) 
states: "R3.3 Excavatability - The excavatability of hardened 
CLSM can generally be divided into two categories: 1) 
Unconfined compressive strength < 150 psi is considered to 
be EXCAVATABLE by hand tools and conventional 
machinery such as backhoes.  2) Unconfined compressive 
strength > 150 psi is considered to be NON-EXCAVATABLE." 
The City requires the LCC to be safely excavatable by hand 
tools.  Industry standards indicate MRP's proposed LCC 
specifications would not satisfy the excavatability 
requirement. 

MRP to provide justification and 
rationale for its request to exceed 
industry norms, including 
demonstration of hand digging to 
utility. TAP to review and make 
recommendation regarding MRP's 
proposal. 

See write up by Stan Peters sent 14 April 2020.  
 
Additionally, MRP would like to point out that all wet and dry 
utilities, except the private owned and maintained DES pipes, 
have at least 12” of sand or pea gravel pipe cover between the 
top of pipe and bottom of LCC or bottom of pavement section 
above the pipe as well as warning tape above the pipe cover. 
There is also 12-16” of side cover between the pipe and LCC at 
the side of the trench—see separate Typical Trench Section 
Exhibit and thumbnails below 
 
The pipe cover material is very easy to excavate and within the 
zone of tolerance called for in the California Code 

   



Comment 
No. 

Document Reviewed Page Text or figure Comment/Issue Proposed Revision or Solution Response 

32 Mission Rock 
Lightweight Cellular 
Concrete Technical 
Advisory Panel, 
Technical Review 
Report, dated March 
12, 2020 

Appendix C Page C.2   The crushing resistance and “excavatability” criteria (20 psi 
to 300 psi) are significantly different than proposed 
specifications which call for 50 psi to 200 psi LCC. 
However ACI 229R-13 states for Consolidated Low Strength 
Materials: "... Long-term strengths (90 to 180 days) should 
be targeted to be less than 100 psi (0.7 MPa) for excavation 
with hand tools." and "5.3.7 Excavatability — The ability to 
excavate CLSM is an important consideration on many 
projects. In general, CLSM with a compressive strength of 
100 psi (0.7 MPa) or less can be excavated manually." 
Further, ACI 301 states: "4.3.7 Excavatability - The ability to 
excavate CLSM is an important consideration on many 
projects.  In general, CLSM with a compressive strength of 
0.3 MPa (50 psi) or less can be excavated manually.  
Mechanical equipment, such as backhoes, are used for 
compressive strengths of 0.7 to 1.4 MPa (100 to 200 psi) 
..." 
Finally, National Ready Mixed Concrete Association Guide 
Specification for Controlled Low Strength Materials (CLSM) 
states: "R3.3 Excavatability - The excavatability of hardened 
CLSM can generally be divided into two categories: 1) 
Unconfined compressive strength < 150 psi is considered to 
be EXCAVATABLE by hand tools and conventional 
machinery such as backhoes.  2) Unconfined compressive 
strength > 150 psi is considered to be NON-EXCAVATABLE. 
The City requires the LCC to be excavatable by hand tools. 

TAP to review and to make a 
recommendation regarding MRP's 
proposal. 
MRP to provide justification to 
support proposed exceedance of 
industry norms, including hand 
digging to utility. Additionally, 
worker safety must be evaluated. 

See response to 28 above 

34 Mission Rock 
Lightweight Cellular 
Concrete Technical 
Advisory Panel, 
Technical Review 
Report, dated March 
12, 2020 

Appendix C Page C.2 Section 3 This comment is related to Comment Nos. 27 and 31.   
Maximum compressive strength performance criteria is 
300 psi, which is measured against 10 years of time 
elapsing after construction.  Is that reasonable to excavate 
using hand tools as required under California law? 

TAP to review and recommend. 
MRP to provide justification for 
request to exceed industry norms. 

See response to 28 above 

 



TAP Report Volume1 - Section 1.12 - Excavatability 

Introduction 

The Developer proposes LCC to be used in the place of native soil materials within the entire 
public right-of-way. In a letter dated April 3, 2020, Public Works requests the Developer (MRP) 
to demonstrate that LCC with a compressive strength of 300 psi can be excavated using hand 
tools (as required under California law) and after 28-days, the compressive strength does not 
increase by more than 50% for the life of the project. The demonstration shall include: 

o excavation solely with hand tools,  
o to the full depth of utilities,  
o in LCC representative of long-term strength 

In addition, Public Works transmitted a comment / issues matrix dated April 3, 2020. Item #42 
from that matrix requests the TAP to: 

 Review and make recommendations regarding the hand-diggability of the LCC, 
 The potential safety issues for those performing hand-digging, and 
 The likelihood (given the relative ease or difficulty of the hand digging) that a crew 

would comply with State requirements to hand dig 

Background on State requirements. California Government Code Sections 4215 - 4216, 
Protection of Underground Infrastructure, regulates the safe excavation of “subsurface 
installations” or underground pipelines, conduits, and ducts. Furthermore, City construction 
contracts as well as permits issued by both Public Works and Port (reference Article 2.4 of the 
Public Works Code) requiring cross-reference compliance with these state code sections for 
excavators performing construction in the public right-of-way.  

Prior to excavation, utility operators must locate, and field mark their facilities with identifiable 
delineation, usually paint markings on the pavement surface. A “tolerance zone”, based on 
these paint markings, is 24” each side of that paint marking. Excavations within this tolerance 
zone is limited to the use of hand tools (defined as using human power and is not powered by 
any motor, engine, hydraulic, or pneumatic device). 

For work below Public Works and Port rights-of-way, sawcutting and powered equipment may 
only be used on the upper pavement section, usually about 12” thick and consisting of an 
Asphalt Concrete Wearing Surface (ACWS) layer over a concrete pavement base. 

If an excavation is required within the tolerance zone of a subsurface installation and below the 
pavement section, the excavator shall determine the exact location of the subsurface 
installations in conflict with the excavation using hand tools before using any power-driven 
excavation or boring equipment within the tolerance zone of the subsurface installations. This 
code is intended for the safety and welfare of construction workers and protection of utility 
operator s’ facilities. 



LCC Excavatibility 

Flowable fills are self-compacting low-strength materials, typically consisting of a combination 
of cement and/or fly ash, sand and/or rock.  They are typically called Controlled Low Strength 
Materials, (CLSM) with various strength limits suggested, depending upon whether the material 
will require re-excavation or not and, more specifically, based on whether hand-excavation or 
normal backhoes will be utilized.  ACI 229-13 suggests that CLSMs with compressive strengths 
of less than 100psi are readily excavatable by hand tools.  NRMCA indicates that CLSMs with 
compressive strengths less than 150psi can readily be re-excavated by hand tools AND 
conventional machinery, such as backhoes.  

The TAP recognizes the City’s concern to comply with California’s state law that materials over 
utilities must be excavatable with hand tools.  

The ACI 229-13 report includes several items that are relevant to determining if the LCC 
materials within the project’s ROWs should be deemed excavatable by hand tools, even at the 
maximum specified limits of design (200psi) and for “failure” criteria (300psi).  First, Table 5.2.2 
lists examples of CLSM mixture proportions.  Secondly, Equation 5.3.7 for Removability 
Modulus, RE (under the Section 5.3.7 “Excavatability”) shows a relationship that utilizes unit 
weight and compressive strength at 28days to predict excavatibility of various materials.  A 
material with RE of less than 1.0 is removable with hand tools.  Finally, ACI 229-13’s Chapter 9 
addresses Low Density CLSMs using PreFormed foams, called LD-CLSMs, which are the same 
materials that are referred to as LCC on the Mission Rock project.  This chapter mentions that 
“Because of its low density, LD-CLSM is preferred when reduction of dead load is a critical 
requirement.” The report also states that “In addition, LD-CLSM is easily excavated, which is a 
requirement in some applications”, such as required by California law. 

Using the mixture proportions of various CLSMs in Table 5.2.2, unit weights were calculated.  
The equation for RE in the ACI report is in metric units of kg/M3 and kPa.  Performing a units 
conversion, into Imperial units of lb/CF and psi shows that this equation with 0.619 yields the 
same RE values as using 104 with psi & pcf, as previously reported.  Thus, the various examples 
of CLSMs were analyzed in the attached table with their resulting RE values, as well as other 
CLSM mixtures. 

Please note that in these examples, at or less that 100psi, the mixes with rock exceeded an RE 
of 1.0 for hand excavatability, and the mixes with sand only come reasonably close.  Only the 
mixes with no aggregate fillers are below the 1.0 recommendation.   

For those that were not in attendance for the September kick-off meeting, this 
analogy/explanation for Removability Modulus was given for various CLSM mixtures with 
100psi at 28days.  A traditional flowfill made at a concrete batch plant with sand and gravel 
would likely have a density of 145pcf, and would be difficult to dig with a shovel, due to the 
rock.  A sand only flowfill would have a lower density without the rock, and also be easier to dig 
without the coarse aggregate.  ACI 229-13 mentions that “Mixtures with high coarse aggregate 



quantities can be difficult to remove by hand, even at low strengths”; the RE equation values 
reflect this trend.  A “slurry” CLSM would have a lower density without sand, and would be 
even easier to hand-excavate.  Table 5.2.2 mixtures S-2 through S-43 show a lower density and 
RE values much less than 1.0; the mixtures are easier to dig with a shovel without the 
penetration resistance offered by the sand.  When we use pre-formed foam to create large 
amounts of air, instead of sand and/or gravel the trend continues to make the CLSM easier to 
excavate. 

Reference to various Removability Moduli in Colorado; explanation 

To further demonstrate this trend with air, several commercial CLSM mixtures (approved in 
Colorado, subject to an RE of 1.5 or less) are also listed in the attached table.  One producer 
uses custom “powder-only” volumetric on-site mixing trucks with pre-formed foam to produce 
cellular material that is significantly less than ACI’s recommendation of less than 1.0 for 
excavation with hand tools.  The three mixes with sand and gravels are significantly over the 1.0 
recommendation.  The high-strength flashfill mixture was developed for Denver Water, who 
wanted a fast-setting mix (100psi minimum in 4 hours) to resist water hammer, yet still subject 
to an RE of 1.5 or less.  Before the normal flashfill was approved for use in Colorado Springs, the 
city required a “pot-hole” test of material that was in-place for over a year; the backhoe did not 
“stand off its pads” nor did the operator “feel” any resistance with his hydraulic controls.  
Chunks of material were readily broken up by hand, as samples of LCC brought to the kick-off 
meeting in September were. 

Comparison of Removability Modulus at Mission Rock Pilot Project with other projects  

The last group of mixes and RE calculations in the below table show the strength and unit 
weights of the 27pcf and 30pcf LCC tested in the Pilot project.  The calculated RE values are 
significantly less than the 1.0 recommended limit, even at the maximum “design” strength limit 
of 200psi or 300psi “failure” limit.  TAP understands that the Developer will be scheduling 
another excavation demonstration for city officials that were not able to attend the first one 
during Pilot Project testing; we would encourage those still concerned with excavatability to 
attend.  Additional long-term coring (over 90 days) will also occur to evaluate actual strength 
gain, compared to cores obtained during the Pilot project. 

Removability Modulus Values for Excavatability  
    
CLSM Examples from ACI229-13 Table 5.2.2   
Mix Identification PCF PSI RE 
CO DOT, includes rock 145 60 1.41 
FL DOT, sand only 130 50 1.09 
FL DOT, sand only 130 50 1.09 
SC DOT, sand only 135 80 1.46 
Mix AF, rock only 143 65 1.43 



Mix D, Rock only 136 65 1.33 
Non-Air CLSM, includes rock 145 100 1.82 
Mix S-2, no aggregate 94 40 0.60 
Mix S-3, no aggregate 86 60 0.64 
Mix S-4, no aggregate 91 50 0.64 

    
Hypothetical at 100psi & 150psi    
Sand only CLSM 130 100 1.54 
Sand only CLSM 130 150 1.89 
Sand & Gravel CLSM 145 100 1.82 
Sand & Gravel CLSM 145 150 2.22 

    
CRC's Colorado Client CLSM Mixes    
Client 1, Normal Flashfill,fly ash & foam 55 210 0.61 
Client 1, Hi-Strength, fly ash & foam 72 490 1.41 
Client 1, Cement & Foam,  41 270 0.45 
Client2, CDOT mix sand & #9 rock 134 70 1.35 
Client2, CDOT mix, sand & #9 rock 133 80 1.43 
Client3, CDOT mix, sand & rock 138 72 1.43 

    
 

    

Mission Rock LCC Data & Forecasts    
Pilot project, 27pcf - average 27.6 111 0.16 
Pilot project, 27pcf - high 28.5 130 0.18 
Pilot project, 30pcf - average 30 147 0.21 
Pilot project, 30pcf - high 30 160 0.22 
Projected 26pcf at 200psi 26 200 0.19 
Projected 26pcf at 300psi 26 300 0.24 
Projected 30pcf at 200psi 30 200 0.24 
Projected 30pcf at 300psi 30 300 0.30 

    
Note1 : Colorado RE's less than 1.5 as originally specified to be 
"excavatable" 

    
Note2 : all LCC RE values, including at Max of 200 & 300psi, much less than 

 

ACI229's recommendation of RE< 1.0 for hand excavatibility.   
   

 

  



Long-Term Strength Gain Estimates of LCC 

While LCC has been around since the 1940s, we were not able to locate any long-term 
compressive strength gain data in ACI 536.1R-06 Guide for Cast-In-Place Low-Density Cellular 
Concrete, or with internet research.  However, we were able to find some information of long-
term strength gain in concrete dams, and assuming the cement hydration mechanism in LCC is 
similar to aggregate-based concrete, this is one way of estimating long term strength gain. 

The first study was an ASCE 2010 article by the USBR, in recognition of the Hoover Dam turning 
75 years old, entitled “Long-Term Properties of Hoover Dam Mass Concrete”.   A coring 
program conducted in 1995 indicated an average core strength of 7230psi at 60 years of age.  
The average of Quality Assurance testing results at 28days was 3500; an increase of 207% in 60 
years.  Extrapolating the average 28day strength of the 30pcf LCC of the Pilot project would 
result in an estimate of 304psi at age 60 years; RE = 0.30. 

A second study with more intermediate data points was also a USBR Report from 2005 entitled 
Materials Properties Model of Aging Concrete (Report DSO-05-05.)  Table 4 below, contained 
relevant strength gains out to 25 years.  Please note Footnote 1 states that the 10year cores 
were tested dry, resulting in 10%-20% higher strengths.  Assuming 10% higher when cores were 
tested dry, adjusted core strengths at 10years would be 6400psi, mid-way between 5year and 
25 year data.   With the 6400psi adjustment, the average of two data sets (0.5,1,5,10 & 25 
years) and six data sets (0.5, 1 & 25years) were plotted in the graph below.   



 



 

Results of the long-term durability in fresh and salt water show a strength increase in normally 
cured 27pcf specimens of 18% from 28 to 178 days, and current saturation strength losses of 
19% and 16% in fresh and salt water respectively. Laboratory values of this long-term durability 
are shown in the table below.   

Long-Term Durability Testing of 27pcf LCC Submerged in Brackish Site Water 

Description / Age 28 Days 56 Days 90 Days 178 Days 
Normal Curing, psi 114 117 132 135 
Fresh Water Curing, psi 84 93 103 110 
Brackish Water Curing, psi 86 99 106 114 
% Normal Curing / 28day psi 100% 103% 116% 118% 
FW Submerged Strength Loss % 26% 21% 22% 19% 
BW Submerged Strength Loss % 25% 15% 20% 16% 

 



 

Long Term Durability Testing 

 

Based on the 27pcf strength gain from 28days to 178 days (six months), the 30pcf top LCC 
mixture (147pcf @ 28) would have an estimated strength of 173psi at 6 months.  Using the 
10year data above, the 30pcf material might have a strength of 258psi at 10 years.  Using the 
75% and 30% gains from the table & graph above, 75 year strengths could reach 225psi to 
303psi.   These strengths would result in RE values of 0.26 to 0.30, both well under the ACI 
229-13 criteria of 1.0 for CLSMs excavatable by hand. 
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31 23 23.33 
Permeable/Open-Cell Lightweight Cellular Concrete (P-LCC) 

 
 
Geotechnical aspects of the specification were prepared by Langan Engineering and 
Environmental Services, Inc. 
 

1. GENERAL 
1.1. DESCRIPTION 

1.1.1. Work Included: This work shall consist of batching, mixing, placing and testing P-LCC 
of the appropriate density as indicated by the specifications. A trained P-LCC installer 
shall furnish labor, material, equipment, and supervision for the installation of the P-
LCC in accordance with the drawings and specifications. 

 
1.2. QUALITY ASSURANCE 

1.2.1. Use skilled labor that is thoroughly trained, experienced, and familiar with the 
specified requirements and the methods for proper performance of this work. 

1.2.2. The P-LCC installer shall be approved in writing by Owner. 
 

1.3. SUBMITTALS 
1.3.1. The prime contractor shall list the product and qualified installer of the P-LCC and 

shall not employ any product or producer without the prior approval of the geotechnical 
engineer of record (GEOR). 

1.3.2. Product data: within 30 calendar days after award of the contract, the prime 
contractor shall submit a mix design for approval by the GEOR and civil engineer of 
record (CEOR) 

1.3.2.1. Manufacturer’s specifications, catalog cut sheet, and other engineering data 
needed to demonstrate to the issuing authority compliance with the specified 
requirements. 

1.3.3. Mix Design: Submit a mix design that will produce a cast density that complies with 
those listed in Section 2.2.1 of this specification at point of placement and a 
compressive strength within the range listed in Section 2.2.1. Include laboratory data 
using the mix design verifying un-foamed density, final foamed density, permeability 
(cm/sec) and compressive strengths. Mix design shall include water/cementitious ratio 
and foam solution dilution ratio, in accordance with manufacturer’s recommendations. 
The mix design should also include Field Permeability Check Testing, by testing the 
percolation rate in modified 6” x 12” cylinder molds, filled half-way. The mix design 
should also include field saturation testing by the special inspector.  

1.3.4. Work Plan: Submit a work plan before placement of P-LCC material. The plan shall 
include: 

1.3.4.1. Proposed construction sequence and schedule 
1.3.4.2. Type of equipment and tools to be used. 
1.3.4.3. Material list of items and manufacturer's specifications 
1.3.4.4. P-LCC lift thickness 
1.3.4.5. P-LCC cure time and minimum strength prior to placing the next lift 
1.3.4.6. QA/QC and testing items and protocols frequency. 
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2. PRODUCTS 

2.1. MATERIALS 
2.1.1. Foaming Agent: A foaming agent shall be used and shall comply with the standard 

specifications of ASTM C 869 when tested in accordance with ASTM C 796. Admixtures 
shall be tested by the foam concentrate manufacturer for compatibility with the foaming 
agent. 

2.1.2. Cement: the Portland cement shall comply with ASTM C 150. Other supplemental 
cementitious material such as fly ash may be used when approved by the project 
engineer. Supplementary cementitious materials shall be tested prior to the start of the 
project for compatibility with the foaming agent. 

2.1.3. Admixtures: admixtures for accelerating, water reducing, and other specific 
properties may be used when specifically approved by the GEOR. Admixtures shall be 
tested in mix design prior to the start of the project for compatibility with the foaming 
agent. 

2.1.4. Water: use water that is potable and free from deleterious amounts of alkali, acid, 
and organic materials, which would adversely affect the setting or strength of the P-
LCC. 

2.1.5. Filter Fabric: Shall have permeability equal to or greater than that of the P-LCC. Filter 
fabric shall also have a maximum apparent opening size (AOS, ASTM D4751) of 0.212 
mm (U.S. sieve size 70). 

2.2. PROPERTIES 
2.2.1. Two types of P-LCC are to be supplied for the project: (1) general P-LCC to be 

applied across the site at multiple depths and (2) high density P-LCC to be cast only 
in the upper two feet of the LCC section.  P-LCC shall meet the following properties: 
 
 

General P-LCC 

 Target Maximum Minimum 

General Cast Density, pcf 
(ASTM C 796) 

26 28 24 

Compressive Strength at 
28 Days, psi  
(ASTM C 495)  

NA 200 50 

Coefficient of Permeability, 
cm/sec 
(ASTM D 2434 – modified) 

0.1 (1E-1) NA 0.005 (5E-3) 

Saturated Density, pcf  55  68 50 
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High Density P-LCC – to be cast only within upper two feet of overall P-LCC section 

 Target Maximum Minimum 

Cast Density of LCC, pcf  
(ASTM C 796) 

30 32 28 

Compressive Strength at 
28 Days, psi  
(ASTM C 495)  

NA 200 80 

Coefficient of Permeability, 
cm/sec 
(ASTM D 2434 – modified) 

0.1 (1E-1) NA NA 

Saturated Density, pcf  55  68 50 

 
3. EXECUTION 

3.1. Subgrade: Subgrade to receive P-LCC material shall be free of all loose and extraneous 
material. Subgrade shall be uniformly moist, and any excess water standing on the surface 
shall be removed. The subgrade shall be approved by the GEOR before placing 
P-LCC material. 

3.2. Curing: A minimum 12-hour curing period between lifts is required. Backfill or other usual 
loadings, including additional lifts of P-LCC, on the P-LCC shall not be permitted until the P- 
LCC has attained a compressive strength of at least 5 psi. 

3.3. Weather Conditions: If ambient temperatures are anticipated to be below 40 degrees F 
within 24 hours after placement, the mixing water shall be heated when approved by the 
manufacturer of the foaming agent or placement shall be prohibited. Placement shall not 
be allowed on frozen ground. 

3.4. Batching and Mixing: Cellular concrete shall be job site batched, mixed with the foaming 
agent and placed with specialized equipment certified by the manufacturer of the cellular 
concrete lightweight material. Cement and water may be premixed and delivered to the 
job site and the foaming agent added on site. Dilution ratio shall be adjusted as needed 
per manufacture’s recommendation to achieve required end product. 

3.5. Placement: 
3.5.1. Place P-LCC in lifts not to exceed 36 inches in thickness, unless otherwise 

recommended by the P-LCC manufacturer and approved by the GEOR. 
3.5.2. After curing for minimum of 12 hours, any crumbling area on the surface shall be 

removed before the next layer is placed. Surface stepping to achieve grade and 
super elevation shall not be less than 6 inches in thickness. Grades of up to 5 percent 
may be made by adding a thickening agent to the mix in conformance with the 
manufacturer's recommendation. 

3.5.3. Subgrade and P-LCC should be protected from water inundation until the P-LCC is 
sufficiently cured and has sufficient overlying weight so it does not become buoyant. 

3.5.4. Freshly placed P-LCC should be protected from rain until it has been 
sufficiently cured to prevent damage. 

3.5.5. Freshly placed P-LCC should be cured at least 3 hours before exposed to 
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vibrations higher than a peak particle velocity 0.05 inches per second – such as 
those that may be generated during ground improvement activities. 

3.6. Handling: Avoid excess handling of P-LCC according to industry standards. 
3.7. Filter Fabric: Use filter fabric between P-LCC and adjacent soil and between P-LCC and 

shoring, where shoring will be removed after P-LCC placement. 
 

4. QUALITY CONTROL TESTING BY CONTRACTOR AND OWNER 
4.1. DENSITY CONTROL 

4.1.1. During placement of the initial batches, check the un-foamed and foamed densities 
for each 100 cubic yards of P-LCC or as recommended per the GEOR and adjust the 
mix as required to obtain the specified cast density at the point of placement per ASTM. 

4.1.2. Field saturated density test procedures developed and prepared by the special 
inspector shall be performed on one sample for each 100 cubic yards of P-LCC or as 
recommended per the GEOR.  GEOR to review and approve test procedures prior to 
commencement of work. 

4.2. COMPRESSIVE STRENGTH: The compressive strength shall be tested under ASTM C 495 
except as follows: 

4.2.1. Four (4) specimens (one 7-day and three 28-days) shall be taken for each 100 cubic 
yards of P-LCC or as recommended per the GEOR. Unless otherwise approved, the 
specimens shall be 3 x 6 inch cylinders. During molding, place the LCC in 2 equal layers and 
raise and drop the cylinders 1 inch, 3 times on a hard surface or lightly tap the side or 
bottom of the cylinder to close any accidental entrained air. No rodding is allowed. 

4.2.2. Specimens must be covered and protected immediately after casting to prevent 
damage and loss of moisture. Specimens shall be moist cured in the molds for 7 days 
and air dry a minimum of 24 hours and minimum of 72 hours before the 7-day and 28- 
day compressive strength testing, respectively. Specimens shall not be oven dried. 

4.2.3. Contractor should maintain process control “run” charts of un-foamed and foamed 
density, field percolation result, and compressive strength data, updated daily for 
review by Owner’s representative, and distributed weekly to applicable project team 
members. 

4.3. PERMEABILITY: 
4.3.1. Proof of permeability (per ASTM D 2434 – Modified) of the proposed P-LCC mix 

design shall be provided in the mix design submittal. If there is any change to the mix 
design during production, additional permeability testing will be required. Two samples 
per week should be cast per ASTM D 2434 and shipped to Castle Rock Consulting for 
testing. 

4.3.2. Field falling head permeability per procedures prepared by the special inspector 
performed on two samples per day.  Falling Head permeability test procedures to be 
reviewed and approved by GEOR prior to commencement of work. 

4.4. MOCK UP TEST SECTION: One mock up test section shall be installed prior to construction 
to prove out the contractor’s construction methods. 

4.5. Side-by-side sampling and testing by QC and QA staff should occur once daily during the 
LCC placement on the Pilot Project to identify any issues. At least one set of permeability 
samples should also be taken for saturation and drain down density and a permeability 
verification. 

4.6. UNFOAMED SLURRY TESTING: Test unfoamed slurry density periodically during foaming 
to verify actual density (PCF) is +/- 1.5% of target. Target to be established in mix submittal. 
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4.7. QUALITY ASSURANCE INSPECTIONS & ACCEPTANCE TESTING BY OWNER’S AGENCY 

4.7.1. Owner shall employ a qualified Special Inspector to observe LCC placement and test 
LCC as described below. 

4.7.2. Daily Inspections should include review of previous day’s density testing of un- 
foamed and foamed test data, field percolation test results, any 7-day & 28-day 
compressive strength data, and location of samples taken. Initially use mix design for 
7-day to 28-day strength correlation, switching to project data when three sets are 
available to predict 28-day strengths. 

4.7.3. Perform one side-by-side comparison test with Contractor every 1000 cubic yards, 
and verify saturation & drain-down densities and permeability (per ASTM D 2434) 
values every 1000 cubic yards placed, or whenever the field percolation rates are more 
than 20% lower than the mix design values. 
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