
44 
 

SECTION 02010-Grouted Rock Ramp Structure  

Part 1. Overview   

1.1 Scope of Work  
The Contractor is responsible for providing all necessary Labor, Materials, and Equipment necessary to 

perform the work described herein. Anticipated equipment may include but is not limited to an excavator 

with a hydraulically operated thumb, a front end loader, and haul trucks. All equipment shall be of 

sufficient size to move and place materials as described in the Construction Documents. All material sizes 

are measured along the median (B) axis unless otherwise indicated. 

Part 2. Products   

2.1 Bedding Material  

A. Bedding material consisting of a well graded 3” to 4” clean cobble or approved native alluvium 
shall be placed to a depth no greater than 12 inches, on top of all installed filter fabric, prior to 
the placement of boulder so as to prevent tearing or ripping.  

2.2 Boulder 

A. Individual stone boulders shall be dense, sound and free from cracks, seams and other defects 
conducive to accelerated weathering. 

B. The boulders shall be weathered to sub-rounded in shape.  At a minimum exposed rock should 
have one flat surface and this should be the only exposed surface. 

C. Boulders shall be sound, hard, durable particles free from silt, clay, shale, flaky particles, topsoil, 
organic matter, and other deleterious materials. 

1. The Contractor shall remove silt, clay, topsoil and other deleterious materials from the 
surfaces of the boulders in such a way as to prevent excess turbidity levels within the river 
or inhibit the bond with concrete, prior to transporting the boulders to the site. 

D. The Contractor shall stockpile the materials on-site in a manner that requires the minimum 
amount of material handling and that prevents the contamination of the boulders with underlying 
soils.   

1. Placement of a gravel bed may be necessary as directed by the Engineer. 

E. All boulder shall have the following properties: 

1. Bulk specific gravity (saturated surface-dry basis) not less than 2.5. 

2. Absorption not more than 2% by weight. 

a. Rock that fails to meet these requirements may be accepted only if similar rock 
from the same source has been demonstrated to be sound after five years or 
more of service under conditions of weather, wetting and drying, and erosive 
forces similar to those anticipated.  Alternatively native or imported stone, 
already at the site and meeting the standards outlined above, may be used. 

3. The ratio of maximum to minimum boulder dimensions shall not exceed 3.0. 

F. Boulders shall be fieldstone with the following gradation (Table 12): 

1. Effective Particle Size shall be determined according to following formula: 
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i. 𝐷𝑒 = √
𝑚

𝛾∗523.6

3
 

a. Where De is the effective particle size diameter in ft;  

b. m is the mass of the particle in lbs; and 

c. gamma (γ) is the specific gravity of the particle. 

Table 12 Boulder Gradation 

Effective Particle Size Diameter (ft) Percent Passing by Mass (%) 

2.5 0-40 

3.0 40-60 

3.5 60-100 

 

2.3 Grout 

2.3.1 Mix Components 

A. Portland cement: ASTM C 150, Type II L A. (The Contractor shall use one brand of 
cement throughout the entire Project, unless approved by the Engineer.) 

B. Fly Ash:  ASTM C 618, Type C1 or F. 

C. Normal-weight aggregates: ASTM C 33.  The aggregates shall be from a single source for 
exposed concrete. 

D. Water: potable. 

E. Admixtures 

1. Concrete admixtures shall not contain more than 0.1% chloride ions and shall be 
certified by the manufacturer to be compatible with other required admixtures. 

2. Air-entraining admixture: ASTM C 260. 

3. Water-reducing admixture: ASTM C 494, Type A. 

4. High-range water-reducing admixture: ASTM C 494, Type F or G. 

5. Water-reducing, accelerating admixture: ASTM C 494, Type E. 

6. Water-reducing, retarding admixture: ASTM C 494, Type D. 

7. Concrete Fibers: ASTM-C-1116-89 

 

2.3.2 Proportioning And Designing Mixes 

A. Design mixes shall be prepared for each type and strength of concrete by either 
laboratory trial batch or field experience methods as specified in ACI 301.  For the trial 
batch method, an independent, certified testing agency approved by the Engineer shall 
be used for preparing and reporting proposed mix designs.  The same testing agency 
shall not be used for field quality control testing. 

B. Written reports of each proposed mix for each class of concrete shall be submitted to 
the Engineer at least fifteen (15) days prior to start of the work.  The work shall not 
begin until the Engineer has reviewed and approved the proposed mix designs. 
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C. Mix properties: 

1. 28 day compressive strength: 3500 psi. 

2. Maximum water/cement ratio: 0.50. 

3. Maximum slump (prior to addition of plasticizer): 4” 

4. Air Content 5.0% ± 1% 

5. 6-sack minimum cement content. 

6. Maximum fly ash content: 25% by weight. 

7. Concrete Fiber Reinforcement additive at manufacturer’s prescribed rate. 

8. Admixtures 

a. High-range water-reducing admixture (superplasticizer) as required for 
placement and workability. 

b. Air-entraining admixture at manufacturer's prescribed rate to result in a 
total air content of 4% to 7% at point of placement. 

c. Admixtures for water reduction and set accelerating or retarding in 
strict compliance with manufacturer's directions. 

d. Concrete containing high-range water reducing admixture 
(superplasticizer) shall not have a slump of greater than 7" after adding 
admixture to site-verified 4" slump concrete. 

D. Mix design adjustments may be requested by the Contractor when characteristics of 
materials, job conditions, weather, test results, or other circumstances warrant, as 
approved by the Engineer.  Laboratory test data for revised mix design and strength 
results must be submitted to and approved by the Engineer before using in the work. 

 

2.4 Filter Fabric 

A. The Contractor shall furnish non-woven 8oz filter fabric (Mirafi 180n or equivalent approved by 
the Engineer in writing).  

B. Filter fabrics shall be installed per manufacturer’s recommendations.  

C. Filter fabrics shall be placed in direct contact with undisturbed bank materials.   

D. Filter Fabric shall be free of tears of rips prior to and following boulder installation.   

E. To protect filter fabrics during construction a layer of bedding material, with a 6 inch minimum 
depth, shall be placed over all filter fabrics prior to receiving boulder installations.   

2.6 Drain Tile 

A. Drain tile shall be 3 inch perforated or slotted schedule 40 polyvinylchloride pipe.  

B. Circular perforations shall be 7/16 inch in diameter or slot perforations shall have a slot width of 3/8 
inch. Circular perforations shall have two openings at 90 degrees in cross section, and be spaced 6 
inches apart longitudinally. 

2.9 Pit Run 

A. The Contractor Shall furnish a homogenous mixture of naturally occurring material, specifically 
allow pit run of similar grade from nearby reliable sources that has at least 50% by weight retained 
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on the 1 1/2 sieve, with the remaining material composed of sand that has nominal amounts of 
silt/clay. The maximum size of an individual piece cannot be more than 2/3 of the specified layer 
thickness.  

1. Material should be substantially free of topsoil, organic material, and other deleterious 
materials.  

2. The engineer may reject material produced from any pit with excessive amounts of non-
durable rock such as sandstone, shale, slate, disintegrated granite, or heavily weathered 
rock. 

 

Part 3. Submittals    

3.1 General  

A. Contractor shall submit concrete mix design and material product data for approval by the 
Engineer, 14 days prior to installation.  No grout shall be installed until written approval is 
provided by the Owner’s Representative or the Engineer.  

Part 4. Executions   

4.1 Protection  

A. Protect excavations throughout the work with temporary shoring, bracing, or other suitable 
methods, as required, to provide safe working conditions and to prevent cave-ins and loose soil 
from falling into excavations.  

B. Remove boulders, loose rock, soil blocks, and other fragments that may slide or roll into excavated 
areas, which in the opinion of the Engineer are unsafe or appear to endanger persons, work, or 
property. 

C. During cold weather protect excavated surface from freezing by sequencing stripping to minimize 
the exposed area, or by placing a temporary layer of soil or other insulating materials authorized 
by the Engineer. Remove protection only when the Contractor is ready to place fill.  

D. During cold weather protect excavated foundation surfaces, against which cast in place concrete 
will be placed, from freezing. Use insulating materials, heating and hording, or other means 
authorized by the Engineer. Remove protection only when the Contractor is ready to install the 
Structure.  

4.2 Common Excavation 

A. Excavations shall be to the lines, grades, slopes, and elevations shown in the drawings or as 
needed to place structure or foundation rock. 

B. If unsuitable soils are found at the specified excavation levels, Contractor will over-excavate and 
back fill with suitable cobble/sand base prior to placement of structural rock.  All over-excavated 
areas shall provide for additional armoring subsequent to rock placement. 

C. The Contractor shall excavate and store the upper 1.5 feet of river bed separately from other 
excavated materials.  This river "topsoil" shall be placed on top of bed armoring during the clean-
up and removal from river phase. 
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D. The Contractor shall move, haul, and dispose of excess unclassified excavation materials at an 
appropriate off-site disposal facility unless otherwise directed by the Engineer or Owner’s 
Representative. 

4.3 Common Fill 

A. The Contractor shall remove debris, snow, ice, water, and loose material prior to starting fill 
placement.  Do not place fill material when the material, the foundation, or the surface on which 
it would be placed is frozen. 

B. Common fill to have maximum particle size of 12". 

C. The Contractor shall suspend fill placement operations at any time when, in the opinion of the 
Engineer, work cannot be performed in accordance with the specifications on account of rain, 
flooding, cold weather, or other unsatisfactory conditions. 

D. The Contractor shall, immediately prior to suspending fill operations, slope the fill surface as 
specified and roll with rubber tire equipment or a smooth cylindrical roller so as to leave the 
surface area in a smooth, even condition for drainage. 

E. The Contractor shall protect compacted fill and foundation surfaces that have been prepared for 
receiving fill from freezing by using a temporary layer of soil or insulating materials, or other 
means authorized by the Engineer.  Temporary soil layer shall be a minimum of 12 inches in depth. 
The Contractor shall remove protection only when the Contractor is ready to place fill and the 
Engineer has provided authorization. 

F. If necessary, in the opinion of the Engineer, the Contractor shall condition, rework, and re-
compact or remove and replace any portion of the fill or foundation that has suffered a reduction 
in quality for any reason including frost, rain, or any other reason.   

G. Contractor shall reroute construction traffic away from, or stabilize areas to the satisfaction of the 
Engineer, areas where the fill or ground surfaces begin to rut or exhibit instability. 

H. The Contractor shall not place fill material on any surface until the prepared surface has been 
inspected by the Engineer.  The Contractor shall rectify any defects, including any identified by 
the Engineer. 

I. The Contractor shall provide suitable fill from the excavated material on-site.  Contractor shall 
schedule, sequence, and conduct operations to make the best use of all excavated materials.  
Contractor shall protect and prevent suitable materials from becoming unsuitable. 

J. The Contractor shall construct fill zones at the locations, and to the lines, grades, slopes, and 
elevations specified in the design documents or as established by the Engineer, using fill materials 
that are placed, conditioned, and compacted to the specified requirements. 

K. The Contractor shall overbuild final fill slopes and then trim them to the lines, grades, slopes, and 
elevations specified in the design documents. 

L. The Contractor shall maintain the top surface of fill zones approximately horizontal or to the 
slopes specified in the design documents.  During spreading and compaction, provide the surface 
of the fill zone with a gentle transverse gradient of 3% to 5% so that water from precipitation will 
drain freely toward the extremities of the fill zone. 
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M. The Contractor shall place and spread fill materials in continuous and approximately horizontal 
layers of uniform thickness in such a manner as to prevent segregation and stratification and to 
obtain a homogenous mass. 

N. The Contractor shall commence placement of fill materials at the lowest elevation of the 
foundation, and progress in an up-slope direction. 

O. The Contractor shall moisten each previously placed lift, if necessary, and work the surface to a 
minimum depth of 2 inches to provide a bonding surface prior to placing the overlying lift of fill 
material except when, in the opinion of the Engineer, such work cannot be performed due to cold 
weather. 

P. The Contractor shall place fill material in layers not exceeding 1 foot lifts prior to compaction. 

Q. The Contractor shall join new fill onto all natural, excavated, or fill slopes by terracing or stepping 
into the slopes.  Contractor shall stagger fill joints to minimize the potential for preferred seepage 
paths in any direction. 

R. The Contractor shall place fill material equally on all sides of pipes and concrete walls to minimize 
unbalanced loading. 

S. The Contractor shall apply compaction effort for a minimum horizontal distance of 2 feet on each 
side of joints in all fill zones. 

T. During placement and compaction operations, The Contractor shall direct the movement of 
equipment to obtain uniform coverage.  The Contractor shall rework and re-compact areas of 
non-uniformly compacted ridges or troughs resulting from placement or spreading equipment. 

U. Unless otherwise authorized by the Engineer, The Contractor shall maintain no more than 3 feet 
of maximum difference in elevation between adjacent fill zones and shall maintain the temporary 
slopes within fill zones no steeper than 5v:1h. 

V. The Contractor shall add sufficient quantities of water to sand and gravel fill materials during 
compaction, even when moisture content limits have not been specified, to achieve specified 
densities. 

W. The Contractor shall not add water to the fill material when, in the opinion of the Engineer, such 
work cannot be performed due to cold weather. 

4.4 Rock Excavation 

A. Rock excavation may be required to achieve proper interlocking of designed components. 

B. Use methods and techniques that produce excavated surfaces with a minimum of overhang, 
fracturing, and over break. 

C. Use mechanical techniques, such as tractors with rippers or pneumatic or hydraulic breakers, to 
excavate rock to the lines, grades, slopes, and elevations specified in the designs.   

D. Blasting is not permitted unless otherwise shown in the Construction Documents or directed by 
the Engineer. 

E. Remove shattered layers and any loose or disturbed material to provide a sound base for 
structure and pipe foundations. 

F. Excavation finished surfaces shall be smooth, regular, and uniform.  

G. Remove and clear dirt and debris from finished bedrock surfaces.  
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4.5 Site Preparation- Rocks Placed In Bank 

A. All rock placed as bank terracing or stabilization shall be keyed into the banks a minimum of 12” 
in the horizontal and vertical direction.  

B. All stone terracing shall be set such that it is supported by placed stone or solid, existing 
foundational material, or as approved by the Engineer. 

C. All stone terracing shall be backfilled with clean fill. 

4.6 Site Preparation- Rocks Placed In Channel 

A. All in-stream rock structures shall be placed as directed by the Engineer. 

B. No rock placement shall occur in channel until appropriate water control measures are in place. 

C. Excavation for keystone boulders shall be below scour depth or keyed into bedrock a minimum of 
1.5 feet. 

D. If bedrock is encountered at an elevation higher than the designed lines and grades, it is the 
Contractor's responsibility to achieve lines and grades at no additional cost to the owner. 

E. Rocks placed on bedrock should be placed in excavated keyholes as directed by the Engineer. 

F. Keystone boulders shall not be buried prior to grouting.  

4.7 Boulder Placement 

B. Stone boulders shall be placed as shown on the drawings, without any gaps, so that each boulder 
is in direct contact with all surrounding boulder. 

C. Each stone shall be placed to the final position by suitable equipment for handling material and, 
if necessary, the stone shall be picked up and repositioned. 

D. Dragline buckets and skips shall not be used for placement of boulders.  

E. It should be anticipated that re-handling of individual stones, after initial placement, will be 
required to achieve specified slopes, grades, elevations and positions. 

F. The Engineer shall observe all rock placement and approve of the placement before boulders are 
chinked or backfilled, unless explicit exception is made by the Engineer before placement. Final 
boulder selection and placement shall be per the direction of the Engineer. 

G. Boulder to be placed on subgrade compacted to 95% of maximum as determined by the standard 
proctor method (ASTM d-698-66t or AASHTO t 99) or undisturbed native alluvium. 

H. Non-woven 8oz filter fabric (Mirafi 180n or equivalent) shall be placed in intimate contact with 
undisturbed bank materials and overlain with a minimum depth of 6 inches of clean bedding 
material prior to the placement of all boulder within the active river channel.    

4.8 Grout 

4.8.1 Mixing and transporting concrete: 

A. The Contractor must obtain signed permission from the Engineer prior to ordering concrete on-
site. 

B. Use mixers capable of producing concrete that is thoroughly mixed, of a uniform mass, and 
discharging the concrete such that the concrete mixture and aggregates are uniformly distributed. 
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C. Concrete shall be no colder than 50 degrees Fahrenheit and no warmer than 86 degrees 
Fahrenheit at time of placement. 

4.8.2 Hot Weather Requirements: 

Hot weather requirements apply when the air temperature is at, or above, 77 degrees Fahrenheit or if the 

temperatures are forecast to rise to 77 degrees Fahrenheit within 24 hours of placement. 

A. Protect formwork, reinforcement, and concrete equipment from the direct rays of the sun, or cool 
by fogging and evaporation.  Dampen subgrade surfaces prior to concrete placement. 

B. Provide adequate personnel and equipment to transport, place, consolidate, and finish the 
concrete at the fastest possible rate.  Obtain prior authorization from the s2o representative for 
the proposed equipment and procedures for hot weather concreting. 

C. Provide protection from drying. 

4.8.3 Cold Weather Requirements:  

Cold weather requirements apply when the air temperature is at, or below, 40 degrees, or is forecast to 

drop below 40 degrees Fahrenheit within 24 hours of placement. 

A. When concrete is to be placed in cold weather, have all materials and equipment needed for 
adequate protection and curing on hand and ready for use before concrete placement is started.  
Obtain prior authorization from the S2o representative for the proposed enclosures, equipment, 
and procedures for cold weather concreting. 

B. Design and construct heating and hoarding protection measures including heated enclosures, 
coverings, insulation, or a suitable combination of both.  Provide insulated tarpaulins that have a 
minimum r5 insulation value. 

1. Provide sufficient space and clearance within the tarpaulin to permit free circulation of 
heated air. 

2. Inspect heating and hoarding measures at least every four hours and verify that 
enclosures, coverings, and insulation are in place.   

C. During winter or cold weather conditions, cure unformed concrete surfaces by applying a curing 
compound at a uniform rate by mechanical application methods.  Provide complete coverage by 
applying 2 coats at right angles to each other.  Apply curing compound immediately after finishing 
and as soon as the free water on the surface has disappeared and no water sheen is visible, but 
not so late that the compound will be absorbed into the concrete. 

D. A high/low thermometer shall be placed in the heated enclosure at the direction of the engineer.  

4.8.4 Preparation and Placement of Concrete: 

A. Remove all snow and ice from placement area. 

B. Clean all deleterious material from the boulders in the placement area. 

C. Do not schedule or place concrete during periods that have a high probability of rain or snow.   

1. Provide adequate materials on site to protect concrete from the harmful effects of rain 
or snow during placement. 

D. Completely discharge and place concrete in place no later than 90 minutes after the cement has 
been mixed with water or aggregates.  
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1. Reduce the time between batching and complete discharge to 60 minutes when the 
ambient air temperature exceeds 80 degrees Fahrenheit.  

E. Place the concrete in continuous operation until the unit section is completed.  Use a concrete 
placing rate that ensures that each layer is placed while the previous layer is soft or plastic, the 
two layers become monolithic by penetration of the vibrators, and cold joints are not produced. 

F. Use placing equipment of such size, design, and condition so as to steadily supply concrete at the 
point of placement.  Provide equipment that has devices necessary to permit the prompt and 
complete discharge of concrete without segregation and with the required slump. 

G. Limit the unrestricted drop of concrete to less than 5 feet.  If the drop of concrete is in excess of 
5', use chutes or trunks to prevent segregation of the materials. 

H. Maintain all placing equipment free from hardened concrete and foreign materials and clean such 
equipment at frequent intervals.  Do not use conveying equipment made from aluminum alloys. 

I. Do not place concreting underwater.  Supply and maintain pumps and sumps in the work area as 
needed to keep concreting area dry. 

J. Subject to authorization from the Engineer, place boulder concrete for each pour after the 
boulders are in their proper position and of a significant size to create a monolith of significant 
proportions (greater than 5 boulder widths or 1500 square feet).  Limit the lateral extent of each 
pour such that the concrete is completely contained within the boulder mass.  Remove and 
replace any concrete that extends beyond the boulder mass and interferes with the proper 
placement of adjacent boulders or work. 

K. All surfaces against which concrete will be placed are to be free from dirt, snow, ice, or other 
deleterious materials.  Boulder surfaces to be saturated, surface dry at the time of concrete 
placement. 

L. Place boulder concrete such that the concrete penetrates and fills the voids between the 
boulders.  Place boulder concrete to the specified depth.  Horizontal construction joints between 
boulder concrete pours will not be permitted.   

M. Promptly remove excess wet concrete from the permanently exposed surfaces of boulders.  
Provide completed, permanently exposed boulder surfaces that are free of any concrete residue. 
Suggested methods of removing concrete are using a pressure washer after concrete has been 
allowed to set up for 8 to 12 hours, depending on temperature, or sandblasting.  

N. Uniformly and thoroughly compact concrete as it is being placed.  Use vibrators of the proper size, 
frequency and amplitude, supplemented by hand spading and tamping when required, to secure 
a dense, homogeneous concrete and a good bond with the reinforcement, embedded items and 
boulders.  For formed concrete, compact concrete to provide a smooth formed surface free of air 
pockets and surface blemishes. 

O. Thread small vibrators through the voids in the boulders to near the base of the boulders to 
uniformly and thoroughly compact concrete around the boulders as the concrete is being placed. 

P. Do not use concrete vibrators for moving concrete laterally.  Thoroughly and systematically 
vibrate concrete in the previously placed layer before placing the overlying layer. 

Q. Operate vibrators in the vertical position and allow the vibrating head to penetrate the top 
portion of the underlying concrete at a uniform spacing over the entire area of placement.  
Maintain the distance between insertions at approximately 12 times the radius of action of the 
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vibrator so that the area under vibration, overlaps the just-vibrated area by several inches.  Do 
not allow segregation of the ingredients or laitance to appear on the surface. 

R. The Contractor is required to have at least one back-up vibrator on-site at all times.    

S. Do not allow vibrators to disturb embedded parts or come into contact with the form. 

T. Provide spare vibrators at the point of placement to maintain production. 

U. All exposed concrete edges must be bull-nosed to a radius of 1.5" regardless of whether edges 
contact rock, soil, or are a free surface.  

V. Grout shall be a min thickness of 12" and held back at minimum 6" from top of rock surface. The 
Contractor shall paint a grout line on all rocks to be grouted to a depth of 6" from top of rock 
surface and obtain approval from the Engineer, prior to grouting.  

W. The Contractor shall level and scree concrete surfaces followed by floating and applying a trowel 
finish to produce a dense uniform surface, free of blemishes, ripples, and trowel marks to the 
required lines, slopes, and elevations.  

X. The Contractor shall maintain all material and equipment required for curing and protection on 
hand at the site prior to placing any concrete. 

Y. The Contractor or Sub-contractors shall not wash truck mixers in or near the river.  The Contractor 
shall provide a suitable site with an approved concrete washout basin, located away from all 
surface water drainages. 

Z. The Contractor shall dispose of waste rejected concrete and waste materials from settling ponds 
at an appropriate off-site waste disposal facility. 

4.10 Drain Tile 

A. Drain tile shall be installed to the lines and limits as shown in the Construction Drawings.  

B. Exercise care so as not to contaminate the drain tiles during installation. 

C. Drain tile shall be wrapped in filter fabric.  

D. Lay perforated pipes so that perforations are at the bottom and the perforations are symmetrical 
about the vertical centerline. 

E. The end of the drain tile shall be miter cut on the downstream end. 

4.11 Pit Run 

F. Pit run shall be installed per the Construction Documents or as directed by the Engineer.  

G. All pit run shall be compacted to a 95% Standard Proctor Density unless otherwise shown in the 
Construction Documents or Directed by the Engineer.  

Part 5. Testing    

5.1 Quality Control Prior to Construction 

A. The Contractor shall engage a certified testing agency approved by the Engineer to perform 
preconstruction material evaluations and to design concrete mixes. 
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B. Materials and installed work may require testing and retesting at any time during work.  Tests 
shall be done at the Owner’s expense.  Retesting of rejected materials shall be done at the 
Contractor’s expense. 

5.2 Quality Control During Construction 
 

A. Sampling 

1. Sampling shall comply with ASTM C 172, modified with ASTM C 94 for slump. 

B. Testing 

1. Slump 

a. One test at point of discharge shall be performed in accordance with ASTM C 143 
for each compressive test specimen.  Additional tests shall be performed at least 
once each hour, or when concrete consistency seems to have changed. 

2. Air Content 

a. One test for each compressive test specimen shall be performed in accordance 
with ASTM C 173, volumetric method, for lightweight or normal weight concrete, 
or ASTM C 231, pressure method, for normal weight concrete. 

3. Concrete Temperature 

a. One test for each set of compressive-strength specimens shall be performed in 
accordance with ASTM C 1064.  Additional tests shall be required each hour when 
the air temperature is 40°F (4°C) or below, and when the air temperature is 80°F 
(27°C) and above. 

4. Compression Strength 

a. One set of four standard cylinders for each compressive strength test shall be 
prepared in accordance with ASTM C 31, unless otherwise directed by the 
Engineer.  The cylinders shall be molded and stored for laboratory-cured test 
specimens except for where field-cured specimens are required. 

5. Testing shall be performed on each set for each day's pour exceeding 5 cubic yards, plus 
additional sets for each 50 cubic yards more than the first 25 cubic yards of each concrete 
class placed in any one day.  One specimen shall be tested at 7 days, two at 28 days, and 
one retained for later tested as required.  The testing shall be in accordance with ASTM C 
39. 

6. When the strength of field-cured cylinders is less than 85% of companion laboratory-
cured cylinders, the Contractor shall evaluate current operations and provide corrective 
procedures for protecting and curing the in-place concrete. 

7. Strength level of concrete shall be considered satisfactory if averages of three consecutive 
strength test results equal or exceed specified compressive strength, and no individual 
strength test result falls below specified compressive strength by more than 500 psi. 

8. Test results shall be reported to the Engineer, ready-mix producer, and the Contractor 
within 24 hours after their completion.  Reports of compressive strength tests shall 
contain the Project identification name and number, date of concrete placement, name 
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of concrete testing service, concrete type and class, location of concrete batch in 
structure, design compressive strength at 28 days, concrete mix proportion and materials, 
compressive breaking strength, and type of break for both 7-day and 28-day tests. 

9. Impact hammer, sonoscope, or other non-destructive device may be permitted, but shall 
not be used as the sole basis for acceptance or rejection. 

10. The testing agency shall make additional tests of in-place concrete when test results 
indicate specified concrete strengths and other characteristics have not been attained in 
the structure, as directed by the Engineer.  The testing agency may conduct tests to 
determine adequacy of concrete by cored cylinders complying with ASTM C 42, or by 
other methods as directed by the Engineer. 

 

 

End of Section 
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SECTION 02273-Riprap 

 

PART 1 GENERAL 
 

1.01 SECTION INCLUDES 
 

A. Riprap 

 

PART 2 PRODUCTS 

A. Riprap shall consist of hard, dense, durable stone, angular in shape and resistant to weathering. 
Rounded stone or boulders shall not be used as riprap material. The stone shall have a specific 
gravity of at least 2.5. Each piece shall have its greatest dimension not greater than three times 
its least dimension. 

B. Material used for riprap may be approved by the Engineer if, by visual inspection, the rock is 
determined to be sound and durable. The Engineer may require the Contractor to furnish 
laboratory results if, in the Engineer’s opinion, the material is marginal or unacceptable. At the 
request of the Engineer, the Contractor shall furnish laboratory test results indicating that the 
material meets the requirements for abrasion resistance or compressive strength as indicated in 
Table 13. 

Table 13 Riprap Materials Testing  

Test Description Test Method 
Specification 
Requirement 

Abrasion Resistance  
Los Angeles Machine Test 

Method C535 
15% loss, maximum 

Unified Compressive Strength of Drilled 
Core Specimen 

AASHTO T 24 2500 psi, minimum 

 

C. Riprap shall conform the following gradation requirements provided in Table 14:  

Table 14 Riprap Gradation  

 Rip
rap Type 

Stone Size 
d501 (inches) 

Percent of Material Smaller 
Than Typical Stone Size2 

Typical Stone 
Dimensions3 

(inches) 

Typical Stone 
Weight4 (pounds) 

vh 24 100 42 3500 

    50 to 70 33 1700 

    35 to 50 24 650 

    2 to 10 9 35 

h 18 100 30 1280 

    50 to 70 24 650 
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    35 to 50 18 275 

    2 to 10 6 10 

m 12 70 to 100 21 440 

    50 to 70 18 275 

    35 to 50 12 85 

    2 to 10 4 3 

  9 70 to 100 15 160 

    50 to 70 12 85 

    35 to 50 9 35 

    2 to 10 3 1.3 

  6 70 to 100 12 85 

    50 to 70 9 35 

    35 to 50 6 10 

    2 to 10 2 0.4 
1d50 = nominal stone size 
2based on typical rock mass 
3equivalent spherical diameter 
4based on specific gravity of 2.5 

 

PART 3 EXECUTION 

 

3.01 MATERIAL 

A. Riprap shall be obtained from an approved source. 

3.02 PLACING RIPRAP 
 

A. Riprap may be placed by dumping and shall be placed on the face of the slopes to the 

lines and grades shown on the drawings.  Placement operations, including handling, 

stockpiling, and transporting, shall be accomplished in such a manner as to produce a 

reasonably well graded mass of rock with no large open areas, free from pockets of small 

stones and clusters of large stones, and having a reasonably regular finished surface.  

Riprap shall be placed to full thickness in one operation and in such a manner as to avoid 

segregation of material.  Bulldozers shall not be used in shaping the riprap slope 

subsequent to placement.  The average thickness of the riprap layer shall not be less than 

the full thickness shown on the drawings.  Combing with a backhoe bucket may be 

required to shape the riprap surface and to fill voids between large particles. 

 

END OF SECTION 
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SECTION 02300-Large Woody Debris 

 

PART 1 GENERAL 
 

1.02 SECTION INCLUDES 
 

A. Large Woody Debris 

 

PART 2 PRODUCTS 

A. Large woody debris shall consist of trees with intact root wads. Tree trunk shall be a minimum of 
15 feet in length. 

B. Ballast boulders shall be 4’ diameter minimum boulders.  

 

PART 3 EXECUTION 

 

3.01 MATERIAL 

A. Large Woody Debris shall be obtained from an approved source. 

3.02 PLACING 

A. Large woody debris shall be installed as shown on the plans. Trunks shall be 

buried into the stream bank and anchored with a minimum of three ballast 

boulders. Fill shall be installed in 12 inch lifts and compacted. 

B. Large woody debris shall be installed so the root wad will be submerged during 

base flows. 

C. Topsoil shall be placed at a minimum of 6 inches depth to the ordinary high water 

elevation. Slopes shall be revegetated with an approved seed mix and covered 

with biodegradable erosion control blanket.  

D. Willow stakes shall be installed in a random pattern with 1’ to 3’ spacing.  

 

END OF SECTION 
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SECTION 02310-Rock Redirective Flow Structures 

 

PART 1 GENERAL 
 

1.03 SECTION INCLUDES 

A. Bendway Weirs 

B. J-Hooks 

C. Riffle Crests 

 

PART 2 PRODUCTS 

2.1 Boulder 

A. Individual stone boulders shall be dense, sound and free from cracks, seams and other defects 
conducive to accelerated weathering. 

B. The boulders shall be weathered to sub-rounded in shape.  At a minimum exposed rock should 
have one flat surface and this should be the only exposed surface. 

C. Boulders shall be sound, hard, durable particles free from silt, clay, shale, flaky particles, topsoil, 
organic matter, and other deleterious materials. 

1. The Contractor shall remove silt, clay, topsoil and other deleterious materials from the 
surfaces of the boulders in such a way as to prevent excess turbidity levels within the river 
or inhibit the bond with concrete, prior to transporting the boulders to the site. 

D. The Contractor shall stockpile the materials on-site in a manner that requires the minimum 
amount of material handling and that prevents the contamination of the boulders with underlying 
soils.   

1. Placement of a gravel bed may be necessary as directed by the Engineer. 

E. All boulder shall have the following properties: 

1. Bulk specific gravity (saturated surface-dry basis) not less than 2.5. 

2. Absorption not more than 2% by weight. 

a. Rock that fails to meet these requirements may be accepted only if similar rock 
from the same source has been demonstrated to be sound after five years or 
more of service under conditions of weather, wetting and drying, and erosive 
forces similar to those anticipated.  Alternatively native or imported stone, 
already at the site and meeting the standards outlined above, may be used. 

3. The ratio of maximum to minimum boulder dimensions shall not exceed 3.0. 

F. Boulders shall be fieldstone with the following gradation (Table 12): 

1. Effective Particle Size shall be determined according to following formula: 



60 
 

i. 𝐷𝑒 = √
𝑚

𝛾∗523.6

3
 

a. Where De is the effective particle size diameter in ft;  

b. m is the mass of the particle in lbs; and 

c. gamma (γ) is the specific gravity of the particle. 

Table 15 Boulder Gradation 

Effective Particle Size Diameter (ft) Percent Passing by Mass (%) 

2.5 0-40 

3.0 40-60 

3.5 60-100 

A. Ballast boulders shall be 4’ diameter minimum boulders.  

 

PART 3 EXECUTION 

 

3.1 Protection  

A. Protect excavations throughout the work with temporary shoring, bracing, or other suitable 
methods, as required, to provide safe working conditions and to prevent cave-ins and loose soil 
from falling into excavations.  

B. Remove boulders, loose rock, soil blocks, and other fragments that may slide or roll into excavated 
areas, which in the opinion of the Engineer are unsafe or appear to endanger persons, work, or 
property. 

C. During cold weather protect excavated surface from freezing by sequencing stripping to minimize 
the exposed area, or by placing a temporary layer of soil or other insulating materials authorized 
by the Engineer. Remove protection only when the Contractor is ready to place fill.  

3.2 Common Excavation 

A. Excavations shall be to the lines, grades, slopes, and elevations shown in the drawings or as 
needed to place structure or foundation rock. 

B. If unsuitable soils are found at the specified excavation levels, Contractor will over-excavate and 
back fill with suitable cobble/sand base prior to placement of structural rock.  All over-excavated 
areas shall provide for additional armoring subsequent to rock placement. 

C. The Contractor shall excavate and store the upper 1.5 feet of river bed separately from other 
excavated materials.  This river "topsoil" shall be placed on top of bed armoring during the clean-
up and removal from river phase. 

D. The Contractor shall move, haul, and dispose of excess unclassified excavation materials at an 
appropriate off-site disposal facility unless otherwise directed by the Engineer or Owner’s 
Representative. 
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3.3 Common Fill 

A. The Contractor shall remove debris, snow, ice, water, and loose material prior to starting fill 
placement.  Do not place fill material when the material, the foundation, or the surface on which 
it would be placed is frozen. 

B. Common fill to have maximum particle size of 12". 

C. The Contractor shall suspend fill placement operations at any time when, in the opinion of the 
Engineer, work cannot be performed in accordance with the specifications on account of rain, 
flooding, cold weather, or other unsatisfactory conditions. 

D. The Contractor shall, immediately prior to suspending fill operations, slope the fill surface as 
specified and roll with rubber tire equipment or a smooth cylindrical roller so as to leave the 
surface area in a smooth, even condition for drainage. 

E. The Contractor shall protect compacted fill and foundation surfaces that have been prepared for 
receiving fill from freezing by using a temporary layer of soil or insulating materials, or other 
means authorized by the Engineer.  Temporary soil layer shall be a minimum of 12 inches in depth. 
The Contractor shall remove protection only when the Contractor is ready to place fill and the 
Engineer has provided authorization. 

F. If necessary, in the opinion of the Engineer, the Contractor shall condition, rework, and re-
compact or remove and replace any portion of the fill or foundation that has suffered a reduction 
in quality for any reason including frost, rain, or any other reason.   

G. Contractor shall reroute construction traffic away from, or stabilize areas to the satisfaction of the 
Engineer, areas where the fill or ground surfaces begin to rut or exhibit instability. 

H. The Contractor shall not place fill material on any surface until the prepared surface has been 
inspected by the Engineer.  The Contractor shall rectify any defects, including any identified by 
the Engineer. 

I. The Contractor shall provide suitable fill from the excavated material on-site.  Contractor shall 
schedule, sequence, and conduct operations to make the best use of all excavated materials.  
Contractor shall protect and prevent suitable materials from becoming unsuitable. 

J. The Contractor shall construct fill zones at the locations, and to the lines, grades, slopes, and 
elevations specified in the design documents or as established by the Engineer, using fill materials 
that are placed, conditioned, and compacted to the specified requirements. 

K. The Contractor shall overbuild final fill slopes and then trim them to the lines, grades, slopes, and 
elevations specified in the design documents. 

L. The Contractor shall maintain the top surface of fill zones approximately horizontal or to the 
slopes specified in the design documents.  During spreading and compaction, provide the surface 
of the fill zone with a gentle transverse gradient of 3% to 5% so that water from precipitation will 
drain freely toward the extremities of the fill zone. 

M. The Contractor shall place and spread fill materials in continuous and approximately horizontal 
layers of uniform thickness in such a manner as to prevent segregation and stratification and to 
obtain a homogenous mass. 

N. The Contractor shall commence placement of fill materials at the lowest elevation of the 
foundation, and progress in an up-slope direction. 
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O. The Contractor shall moisten each previously placed lift, if necessary, and work the surface to a 
minimum depth of 2 inches to provide a bonding surface prior to placing the overlying lift of fill 
material except when, in the opinion of the Engineer, such work cannot be performed due to cold 
weather. 

P. The Contractor shall place fill material in layers not exceeding 1 foot lifts prior to compaction. 

Q. The Contractor shall join new fill onto all natural, excavated, or fill slopes by terracing or stepping 
into the slopes.  Contractor shall stagger fill joints to minimize the potential for preferred seepage 
paths in any direction. 

R. The Contractor shall place fill material equally on all sides of pipes and concrete walls to minimize 
unbalanced loading. 

S. The Contractor shall apply compaction effort for a minimum horizontal distance of 2 feet on each 
side of joints in all fill zones. 

T. During placement and compaction operations, The Contractor shall direct the movement of 
equipment to obtain uniform coverage.  The Contractor shall rework and re-compact areas of 
non-uniformly compacted ridges or troughs resulting from placement or spreading equipment. 

U. Unless otherwise authorized by the Engineer, The Contractor shall maintain no more than 3 feet 
of maximum difference in elevation between adjacent fill zones and shall maintain the temporary 
slopes within fill zones no steeper than 5v:1h. 

V. The Contractor shall add sufficient quantities of water to sand and gravel fill materials during 
compaction, even when moisture content limits have not been specified, to achieve specified 
densities. 

W. The Contractor shall not add water to the fill material when, in the opinion of the Engineer, such 
work cannot be performed due to cold weather. 

3.4 Rock Excavation 

A. Rock excavation may be required to achieve proper interlocking of designed components. 

B. Use methods and techniques that produce excavated surfaces with a minimum of overhang, 
fracturing, and over break. 

C. Use mechanical techniques, such as tractors with rippers or pneumatic or hydraulic breakers, to 
excavate rock to the lines, grades, slopes, and elevations specified in the designs.   

D. Blasting is not permitted unless otherwise shown in the Construction Documents or directed by 
the Engineer. 

E. Remove shattered layers and any loose or disturbed material to provide a sound base for 
structure and pipe foundations. 

F. Excavation finished surfaces shall be smooth, regular, and uniform.  

G. Remove and clear dirt and debris from finished bedrock surfaces.  

3.5 Site Preparation- Rocks Placed In Channel 

A. All in-stream rock structures shall be placed as directed by the Engineer. 

B. No rock placement shall occur in channel until appropriate water control measures are in place. 
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C. Excavation for keystone boulders shall be below scour depth or keyed into bedrock a minimum of 
1.5 feet. 

D. If bedrock is encountered at an elevation higher than the designed lines and grades, it is the 
Contractor's responsibility to achieve lines and grades at no additional cost to the owner. 

E. Rocks placed on bedrock should be placed in excavated keyholes as directed by the Engineer. 

3.6 Boulder Placement 

A. Stone boulders shall be placed as shown on the drawings, without any gaps, so that each boulder 
is in direct contact with all surrounding boulder. 

B. Each stone shall be placed to the final position by suitable equipment for handling material and, 
if necessary, the stone shall be picked up and repositioned. 

C. Dragline buckets and skips shall not be used for placement of boulders.  

D. It should be anticipated that re-handling of individual stones, after initial placement, will be 
required to achieve specified slopes, grades, elevations and positions. 

E. The Engineer shall observe all rock placement and approve of the placement before boulders are 
chinked or backfilled, unless explicit exception is made by the Engineer before placement. Final 
boulder selection and placement shall be per the direction of the Engineer. 

F. Boulder to be placed on subgrade compacted to 95% of maximum as determined by the standard 
proctor method (ASTM d-698-66t or AASHTO t 99) or undisturbed native alluvium. 

 

END OF SECTION 
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SECTION 02400-Brush Trench 

 

PART 1 GENERAL 
 
This technique uses bundles of willow cuttings (Salix spp.) in a buried trench along the top of an eroding 

streambank. This willow "fence" filters runoff before it enters the stream and is a good method for 

alleviation of piping problems. The willow cuttings will sprout and take root, thus stabilizing the 

streambank with a dense matrix of roots. 

 

PART 2 PRODUCTS 

A. Willow cuttings 

 

PART 3 EXECUTION 

 
A. . Harvest willow cuttings from a local, native stand that is in healthy condition taking no more 

than 2/3 of each plant.  

1. Cuttings should be at least 1/2 inch in diameter or larger to ensure an adequate supply of 
stored energy for rooting, but there should be a good mixture of various sizes. This 
ensures better entrapment of sediment which will promote better root growth.  

2. Ideally, cuttings should be collected during the dormant season to ensure the highest 
success rate. Cuttings can be collected during the growing season if all the leaves are 
removed from the stem, although establishment success will be lowered.  

 
B. The cuttings can be tied into bundles to facilitate transportation to the project site. The terminal 

bud should be removed so that stem energy will be rerouted to the lateral buds for more 
efficient root and stem sprouting.  

C. Soak the bundles for 5 to 7 days prior to planting.  

D. Install the toe protection and mid-bank treatments if needed prior to constructing the brush 
trench. Excavate a 3-4 inch wide trench at the top of the streambank. Locate the trench about 
12 inches from the edge of the top of the streambank. The trench should be at least 18 inches in 
depth. A pick-ax with a broad blade is useful in excavating the trench. Place the excavated 
material on the upslope side of the trench.  

E. Cut the twine on the bundles and place the cuttings in the trench. Make sure the cut ends reach 
the bottom of the trench. Spread the cuttings in the trench until the desired thickness is 
achieved. In general, the thicker and denser the cuttings are, the better the technique will work. 
A good rule of thumb is that one 8 to 12 inch diameter bundle can be spread out over 1 linear 
foot. The height of the cuttings above ground should extend above the competing ground 
vegetation.  
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F. Backfill the trenches with the excavated soil. To remove air pockets around the cuttings, water 
the soil when backfilling.  

 

END OF SECTION 

 

  


