




































































































































































DISCLAIMER 

While the information presented on this website is believed to be correct, SEAOC /OSHPD and its sponsors and contributors assume no responsibility or 

liability for its accuracy. The material presented in this web application should not be used or relied upon for any specific application w ithout competent examination 

and verification of its accuracy, suitability and applicability by engineers or other licensed professionals. SEAOC / OSHPD do not intend that the use of this 

information replace the sound judgment of such competent professionals, having experience and knowledge in the field of practice, nor to substitute for the 

standard of care required of such professionals in interpreting and applying the results of the seismic data provided by this website. Users of the information from 

this website assume all liability arising from such use. Use of the output of this website does not imply approval by the governing building code bodies responsible 

for building code approval and interpretation for the building site described by latitude/longitude location in the search results of this website. 



Liquefaction Susceptibility Analysis: SPT Method 
Youd and Idriss (2001), Martin and Lew (1999) 

Leighton 

Description: 110 6th Avenue Industry Warehouse; Case 4 ; PGAm 0.823; design GW 33; Overex./scarify 8 
Project No.: 13877.001 

Apr2023 
General Boring Information: 

Boring 

No. 

LB-1 

LB-2 

LB-3 

LB-4 

Leighton 

Existing Design 

GW GW 

Depth (ft) 

65 

65 

65 

65 

Depth (ft) 

33 

33 

33 

33 

Design Overex. 

Fill Height depth bgs 

(ft) (ft) 

8 

8 

8 

8 

Ground 

Surface 

Elev (ft) 

290 

290 k; 
290 IL'Jl 
289 L'J6 

Boring Location 

Coordinates 

X (ft) Y (ft) 

580.64 71 .294 

288.15 268.71 

402.75 -104.2 

68.841 80.603 
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General Parameters: 

amax = 0.82g 

Mw = 7.7 

MSF eq: 1 

MSF = 0.93 

Hammer Efficiency= 84 

CE= 1.40 

Cs= 1 

C8 for SPT? TRUE 

Unlined, but room for liner 

Rod Stickup (feet)= 3 

Ring sample correction= 0.65 



Summary of Liquefaction Susceptibility Analysis: SPT Method 
Liquefaction Method: Youd and Idriss (2001). Seismic Settlement Method: Tokimatsu and Seed (1987) and Martin and Lew (1999). 

Boring 
No. 

L~1 

L~1 

L~1 

L~1 

L~1 

L~1 

L~1 

L~1 

L~1 

L~1 

L~1 

L~1 

L~1 

L~1 

LB-2 

LB-2 

LB-2 

LB-2 

LB-2 

LB-2 

LB-2 

LB-2 

LB-3 

LB-3 

LB-3 

LB-3 

LB-3 

LB-3 

LB-3 

LB-4 

LB-4 

LB-4 

LB-4 

LB-4 

Leighton 

Project: 110 6th Avenue Industry Warehouse; Case 4; PGAm 0.823; design GW 33; Overex./scarify 8 
Project No.: 13877.001 

Approx 
Plasticity 

Layer ("n"=non 
Approx. Layer SPT Thick- susc. to 

Depth Depth ness liq.) 

(fl) (fl) 

O to 3.8 2.5 

3.8 to 6.3 5 

6.3 to 8.0 7.5 

8.0 to 8.8 7.5 

8.8 to 12.5 10 

12.5 to 17.5 15 

17.5 to 22.5 20 

22.5 to 27.5 25 

27.5 to 32.5 30 

32.5 to 33.0 35 

33.0 to 37.5 35 

37.5 to 42.5 40 

42.5 to 47.5 45 

47.5 to 52.0 50 

O to 3.8 2.5 

3.8 to 6.3 5 

6.3 to 8.0 7.5 

8.0 to 8.8 7.5 

8.8 to 12.5 10 

12.5 to 17.5 15 

17.5 to 22.5 20 

22.5 to 27.0 25 

O to 6.3 5 

6.3 to 8.0 7.5 

8.0 to 8.8 7.5 

8.8 to 12.5 10 

12.5 to 17.5 15 

17.5 to 22.5 20 

22.5 to 27.0 25 

O to 3.8 2.5 

3.8 to 6.3 5 

6.3 to 8.0 7.5 

8.0 to 8.8 7.5 

8.8 to 12.5 10 

(fl) 

as 
~5 
1B 

QB 

as 
~o 
~o 
~o 
~o 
Q5 

~5 
~o 
~o 
~5 

as 
~5 
1B 

QB 

as 
~o 
~o 
~5 

6.3 

1.8 

0.8 

3.8 

5.0 

5.0 

4.5 

3.8 

2.5 

1.8 

0.8 

3.8 

OX 
OX 
OX 

OX 
OX 
OX 

OX 
OX 

OX 
OX 
OX 

Estimated 
Fines Cont Yt 

Nm 
or B 

Sampler 
Type 

(enter 2 if 
mod CA 

Ring) 

(%) (pcf) (blows/ft) 

30 

30 

15 

15 

~ 

~ 
20 

I!!. 
5 

5 

5 

~ 
§1_ 

1!!. 

15 

15 

15 

15 

5 

30 

15 

35 

65 

30 

30 

~ 
25 

15 

10 

20 

15 

10 

10 

~ 

120 50 

120 50 

120 50 

120 12 

120 22 

120 9 

120 22 

120 7 

120 69 

120 32 

120 32 

120 21 

120 9 

120 41 

1W ~ 
1W ~ 
1W ~ 
1W ~ 
120 31 

1W W 

120 14 

1W ~ 

1W ~ 
1W ~ 
1W ~ 
1W ~ 
1W ~ 
120 10 

120 19 

1W ~ 
1W ~ 
1W ~ 
1W ~ 
1W ll 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Exist Design 

Nm 
(corrected 
for Cs and 

Cs ring->S PT) crvo' (N 1 )oo (N 1 )socs CRR,., crvo' CSR,.s CSRM 

1.3 

1.3 

1.3 

1.13 

1.1 

1.3 

(blows/fl) (psi) 

65.0 

65.0 

65.0 

7.8 

14.3 

10.2 

14.3 

7.7 

44.9 

41 .6 

300 116.0 

600 116.0 

900 110.9 

900 13.3 

1200 22.4 

1800 13.0 

2400 17.7 

3000 8.5 

3600 47.8 

4200 41 .1 

(psi) 

138.6 >Range 300 0.53 

138.6 >Range 600 0.53 

118.7 >Range 900 0.53 

16.4 0.175 900 0.53 

31 .9 >Range 1200 0.52 

19.8 0.212 1800 0.52 

22.8 0.253 2400 0.51 

15.3 0.163 3000 0.50 

47.8 >Range 3600 0.50 

41 .1 >Range 4075.2 0.49 

1.3 41 .6 4200 41 .1 41 .1 >Range 4075.2 0.49 

13.7 4800 12.6 20.1 0.217 4363.2 0.50 

1.1 9.9 5400 8.6 15.3 0.164 4651 .2 0.50 

1.3 

1.3 

1.3 

26. 7 6000 22.0 26. 7 0.330 4939.2 0.50 

65.0 300 116.0 124.1 >Range 300 0.53 

65.0 600 116.0 124.1 >Range 600 0.53 

65.0 900 110.9 118.7 >Range 900 0.53 

18.2 900 31 .0 35.0 >Range 900 0.53 

20.2 1200 31 .6 31 .6 >Range 1200 0.52 

13.0 1800 16.7 23.9 0.272 1800 0.52 

1.21 16.9 2400 21 .0 24.5 0.283 2400 0.51 

1.3 

1.3 

19.5 3000 21 .6 

65.0 

65.0 

16.3 

19.5 

16.3 

600 116.0 

900 110.9 

900 27.7 

1200 30.6 

1800 20.8 

31 .0 >Range 3000 0.50 

144.2 >Range 600 

132.7 >Range 900 

36. 7 >Range 900 

41 .7 >Range 1200 

27.5 0.353 1800 

0.53 

0.53 

0.53 

0.52 

0.52 

1.14 11.4 2400 14.2 17.3 0.184 2400 0.51 

1.3 

1.3 

1.3 

12.4 3000 13.7 14.9 0.159 3000 0.50 

65.0 

65.0 

65.0 

19.5 

300 116.0 128.9 >Range 300 

600 116.0 124.1 >Range 600 

900 110.9 114.2 >Range 900 

900 33.3 34.9 >Range 900 

0.53 

0.53 

0.53 

0.53 

17.6 1200 27.5 38.1 >Range 1200 0.52 
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0.57 

0.57 

0.56 

0.56 

0.56 

0.55 

0.55 

0.54 

0.53 

0.52 

0.52 

0.53 

0.54 

0.53 

0.57 

0.57 

0.56 

0.56 

0.56 

0.55 

0.55 

0.54 

0.57 

0.56 

0.56 

0.56 

0.55 

0.55 

0.54 

0.57 

0.57 

0.56 

0.56 

0.56 

Liquefaction (N, )socs 

Factor of (for Settle--

Safety 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

0.41 

0.30 

0.62 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

Nonliq 

ment) 

(blows/fl) 

138.6 

138.6 

118.7 

16.4 

31 .9 

19.8 

22.8 

15.3 

47.8 

41 .1 

41 .1 

14.6 

12.6 

23.0 

124.1 

124.1 

118.7 

35.0 

31 .6 

23.9 

24.5 

31 .0 

144.2 

132.7 

36.7 

41 .7 

27.5 

17.3 

14.9 

128.9 

124.1 

114.2 

34.9 

38.1 

Dry Sand Sat Sand 
Strain(%) Strain(%) 
(Toki Seed (Toki Seed 

87) 87) 

(%) 

0.00 

0.00 

0.00 

1.06 

0.31 

1.06 

0.85 

1.72 

0.05 

0.06 

0.00 

0.00 

0.00 

0.19 

0.31 

0.53 

0.80 

0.48 

0.00 

0.00 

0.18 

0.08 

0.43 

1.40 

2.43 

0.00 

0.00 

0.00 

0.19 

0.27 

(%) 

1.94 

2.21 

1.4 

Seismic 
Sett. of 
Layer 

(in .) 

0.00 

0.00 

0.00 

0.10 

0.14 

0.64 

0.51 

1.03 

0.03 

0.00 

0.00 

1.16 

1.33 

0.76 

QOO 
QOO 
QOO 
QW 

Q14 

Q~ 

Q~ 

QW 

0.00 

0.00 

0.02 

0.04 

0.26 

0.84 

1.31 

0.00 

0.00 

0.00 

0.02 

0.12 

Leighton 

Cummulative 
Seismic 

Settlement 

(in.) 

~7 
~7 
~7 
~7 

~6 
~5 
~8 
~3 
a3 
a2 
a2 
a2 
~1 

QB 

1.2 

1.2 

1.2 

1.2 

1.2 

1.1 
0.7 

0.3 

2.5 

2.5 

2.5 

2.4 

2.4 

2.1 

1.3 

2.3 

2.3 

2.3 

2.3 

2.3 



Approx Sampler 
L Plasticity Type Nm 

Liquefaction (N1)aocs 
Dry Sand Sat Sand 

Seismic Cummulative a_yer ("n"=non (enter 2 if (corrected Strain(%) Strain(%) 
Boring Approx. Layer SPT Thick- susc. to Estimated Nm mod CA for Cs and Exist Design Factor of (for Settle- (Toki Seed (Toki Seed Sett. of Seismic 

No. Depth Depth ness liq.) Fines Cont Yt or B Ring) Cs ring->S PT) crvo' (N1)00 (N1)aocs CRR7_5 crvo' CSR7_5 CSRM Safety ment) 87) 87) Layer Settlement 

(fl) (fl) (fl) (%) (pcf) (blows/ft) (blows/ft) (psi) (psi) (blows/fl) (%) (%) (in.) (in.) 

LB-4 12.5 to 17.5 15 5.0 §i 120 5 1 1.1 5.5 1800 7.0 13.5 0. 145 1800 0.52 0.55 Nonliq 13.5 1.96 1.18 2.2 

LB-4 17.5 to 22.5 20 5.0 30 120 22 2 1 14.3 2400 17.7 25.2 0.296 2400 0.51 0.55 Nonliq 25.2 0.78 0.47 1.0 

LB-4 22.5 to 27.0 25 4.5 10 120 17 1 1.23 20.9 3000 23.2 24.6 0.284 3000 0.50 0.54 Nonliq 24.6 0.98 0.53 0.5 
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Surface Manifestations of Liquefaction and Liquefaction Bearing Capacity Analys is 
110 6th Avenue Industry Warehouse; Case 4; PGAm 0.823; design GW 33; Overex./scarify 8 

13877.001 

Leighton 

Ish ihara, 1995, Surface Man ifest isat io ns of Liquefactio n Analys is: 

Boring New Fill 
No. 

LB-1 0 2 37.5 52.0 
LB-2 0 2 27.0 
LB-3 0 2 27.0 
LB-4 0 2 27.0 

1a-----.-----.------,---...---.--~-, 
I Ishihara, Figure 10 

16 Conditions of liquefied 
~ma9;J soil profile causing 
.':5# damage to structures 14f N~mo ~ 'c'!l!b-f<>11orlnlions E 9 embedded lo a depth 

- or about 8 m 
M 

::c 1:2•· 
I. ., 

Om 2m 

'i ,.i' ') 

~ 11 } { 

. i 31ftc;, I ~ 

>, 

.21J)o,• 

:, _ ._:. ~ ,'.. :~ .:.• :: 
g'll 
0 
~ <1 
41 
j 
.!:I 
J:. .... 

4m 

"'i 
•-- ••I 

{, 

ij 
:_:-

6m 
') 

}f: 

Bm 
") 

t~ 
j 
-;,. 

f * 
;;"} ♦ 

2 4 €; 8 10 -~1~2 
Thickness of unlfquefioble surface layer, H, (ml 

37.5 
27.0 
27.0 
27.0 

5! 

} 
I 
J 
j 
0 

I 

Struct Damage/ 

Surface 
Manifestations? 
Ishihara, 1995 

14.5 11.4 4.4 no 
8.2 no 
8.2 no 
8.2 no 

Footing Depth= 2 ft 
0.61 m 

Ill 

1n.r 

Ht~ 

TNduMSJ al unAquefta.ble aurlace la)'ff, HI 

Leighton 

Amount of Or, Amount 

New Fill of Overex. 
needed to 

miti ate ft 

0 0 
0 0 
0 0 
0 0 

Karamitros et al. , 201 3, Liqufaction Bearing Capacity: Juang (2005) based on Iwasaki (1 982), 
as presented in Tonkin & Taylo r (2013}, 
Liquefactio n Potent ial Index (LPI): 

In order to achieve critical thickness of 

Assumed Non-liquefiable upper clay crust (where 

additional thickness does not further 

10 
10 
10 
10 

4 
4 
4 
4 

increase FSli 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

References: 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

I 
Risk of Liquefaction 

LPI = Damage Based on 
Sum[F 1'W(z)'dz] LPI 

0.0 
0.0 
0.0 
0.0 

LPI ra nge: 
LPl=0 

0<LPl<=S 
5< LPl<=15 

LPl>15 

Very Low 
Very Low 
Very Low 
Very Low 

Liquefact io n Risk: 
Very low 

Low 
High 

Very High 

Ishihara, K., 1995, Effects of At-Depth Liquefact ion on Embedded Foundations During 
Earthquakes, Proceedings of 11th Asian Regional Conference on Soil Mechanics and 
Foundation Engineering, Vol. 2, 1995. 

Iwasaki, T., Arakawa, T., and Tokida, K., 1982, Simplifed Procedures for Assessing Soil 

Liquefaction During Earthquakes Proc. Conference on Soil Dynamics and Earthquake 
Engineering. Southampton, 925-939 

Juang, C.H, Yang, S.H, Yuan, H., and Fang, S.Y., 2005, Liquefaction in the Chi -Chi earthquake 
- effect of fines and capping non-liquefiable layers Journal of the Japanese Geotechnical 
Society of Soils and Foundations, Vol. 45 No. 6 pp 89-101 

Karamitros, Bouckovalas, Chaloulos, and Andrianopoulos, 2013, Numerical analysis of 
liquefaction-induced bearing capacity degradation of shallow foundations on a two-layered 
soil profile, Soil Dynamics and Earthquake Engineering, Vol 44. 

Tonkin & Taylor Ltd, 2013, Liquefaction Vulnerability Study, Earthquake Commission, T&T Ref 
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LEIGHTON CONSULTING, INC. 

GENERAL EARTHWORK AND GRADING SPECIFICATIONS FOR ROUGH GRADING 
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LEIGHTON CONSULTING, INC. 
General Earthwork and Grading Specifications 

1.0 General 

3030.495 

1.1 Intent: These General Earthwork and Grading Specifications are for the grading 
and earthwork shown on the approved grading plan( s) and/ or indicated in the 
geotechnical report(s). These Specifications are a part of the recommendations 
contained in the geotechnical report(s). In case of conflict, the specific 
recommendations in the geotechnical report shall supersede these more general 
Specifications. Observations of the earthwork by the project Geotechnical 
Consultant during the course of grading may result in new or revised 
recommendations that could supersede these specifications or the recommendations 
in the geotechnical report(s). 

1.2 The Geotechnical Consultant of Record: Prior to commencement of work, the 
owner shall employ the Geotechnical Consultant of Record (Geotechnical 
Consultant). The Geotechnical Consultants shall be responsible for reviewing the 
approved geotechnical report( s) and accepting the adequacy of the preliminary 
geotechnical findings, conclusions, and recommendations pnor to the 
commencement of the grading. 

Prior to commencement of grading, the Geotechnical Consultant shall review the 
"work plan" prepared by the Earthwork Contractor (Contractor) and schedule 
sufficient personnel to perform the appropriate level of observation, mapping, and 
compaction testing. 

During the grading and earthwork operations, the Geotechnical Consultant shall 
observe, map, and document the subsurface exposures to verify the geotechnical 
design assumptions. If the observed conditions are found to be significantly 
different than the interpreted assumptions during the design phase, the Geotechnical 
Consultant shall inform the owner, recommend appropriate changes in design to 
accommodate the observed conditions, and notify the review agency where 
required. Subsurface areas to be geotechnically observed, mapped, elevations 
recorded, and/or tested include natural ground after it has been cleared for receiving 
fill but before fill is placed, bottoms of all "remedial removal" areas, all key 
bottoms, and benches made on sloping ground to receive fill. 

The Geotechnical Consultant shall observe the moisture-conditioning and 
processing of the subgrade and fill materials and perform relative compaction 
testing of fill to determine the attained level of compaction. The Geotechnical 
Consultant shall provide the test results to the owner and the Contractor on a routine 
and frequent basis. 



LEIGHTON CONSULTING, INC. 
General Earthwork and Grading Specifications 

1.3 The Earthwork Contractor: The Earthwork Contractor (Contractor) shall be 
qualified, experienced, and knowledgeable in earthwork logistics, preparation and 
processing of ground to receive fill, moisture-conditioning and processing of fill, 
and compacting fill . The Contractor shall review and accept the plans, geotechnical 
report(s), and these Specifications prior to commencement of grading. The 

Contractor shall be solely responsible for performing the grading in accordance 
with the plans and specifications. 

The Contractor shall prepare and submit to the owner and the Geotechnical 
Consultant a work plan that indicates the sequence of earthwork grading, the 
number of "spreads" of work and the estimated quantities of daily earthwork 
contemplated for the site prior to commencement of grading. The Contractor shall 
inform the owner and the Geotechnical Consultant of changes in work schedules 
and updates to the work plan at least 24 hours in advance of such changes so that 
appropriate observations and tests can be planned and accomplished. The 
Contractor shall not assume that the Geotechnical Consultant is aware of all grading 
operations. 

The Contractor shall have the sole responsibility to provide adequate equipment and 
methods to accomplish the earthwork in accordance with the applicable grading 
codes and agency ordinances, these Specifications, and the recommendations in the 
approved geotechnical report(s) and grading plan(s). If, in the opinion of the 
Geotechnical Consultant, unsatisfactory conditions, such as unsuitable soil, 
improper moisture condition, inadequate compaction, insufficient buttress key size, 
adverse weather, etc., are resulting in a quality of work less than required in these 
specifications, the Geotechnical Consultant shall reject the work and may 
recommend to the owner that construction be stopped until the conditions are 
rectified. 

2.0 Preparation of Areas to be Filled 

3030.495 

2.1 Clearing and Grubbing: Vegetation, such as brush, grass, roots, and other 
deleterious material shall be sufficiently removed and properly disposed of in a 
method acceptable to the owner, governing agencies, and the Geotechnical 
Consultant. 

The Geotechnical Consultant shall evaluate the extent of these removals depending 
on specific site conditions. Earth fill material shall not contain more than 1 percent 
of organic materials (by volume). No fill lift shall contain more than 5 percent of 
organic matter. Nesting of the organic materials shall not be allowed. 

2 



LEIGHTON CONSULTING, INC. 
General Earthwork and Grading Specifications 

3030.495 

If potentially hazardous materials are encountered, the Contractor shall stop work in 
the affected area, and a hazardous material specialist shall be informed immediately 
for proper evaluation and handling of these materials prior to continuing to work in 
that area. 

As presently defined by the State of California, most refined petroleum products 
(gasoline, diesel fuel, motor oil, grease, coolant, etc.) have chemical constituents 
that are considered to be hazardous waste. As such, the indiscriminate dumping or 
spillage of these fluids onto the ground may constitute a misdemeanor, punishable 
by fines and/or imprisonment, and shall not be allowed. 

2.2 Processing: Existing ground that has been declared satisfactory for support of fill 
by the Geotechnical Consultant shall be scarified to a minimum depth of 6 inches. 
Existing ground that is not satisfactory shall be overexcavated as specified in the 
following section. Scarification shall continue until soils are broken down and free 
of large clay lumps or clods and the working surface is reasonably uniform, flat, and 
free of uneven features that would inhibit uniform compaction. 

2.3 Overexcavation: In addition to removals and overexcavations recommended in the 
approved geotechnical report(s) and the grading plan, soft, loose, dry, saturated, 
spongy, organic-rich, highly fractured or otherwise unsuitable ground shall be 
overexcavated to competent ground as evaluated by the Geotechnical Consultant 
during grading. 

2.4 Benching: Where fills are to be placed on ground with slopes steeper than 5: 1 
(horizontal to vertical units), the ground shall be stepped or benched. Please see the 
Standard Details for a graphic illustration. The lowest bench or key shall be a 
minimum of 15 feet wide and at least 2 feet deep, into competent material as 
evaluated by the Geotechnical Consultant. Other benches shall be excavated a 
minimum height of 4 feet into competent material or as otherwise recommended by 
the Geotechnical Consultant. Fill placed on ground sloping flatter than 5: 1 shall 
also be benched or otherwise overexcavated to provide a flat subgrade for the fill. 

2.5 Evaluation/Acceptance of Fill Areas: All areas to receive fill, including removal 
and processed areas, key bottoms, and benches, shall be observed, mapped, 
elevations recorded, and/or tested prior to being accepted by the Geotechnical 
Consultant as suitable to receive fill . The Contractor shall obtain a written 
acceptance from the Geotechnical Consultant prior to fill placement. A licensed 
surveyor shall provide the survey control for determining elevations of processed 
areas, keys, and benches. 

3 



LEIGHTON CONSULTING, INC. 
General Earthwork and Grading Specifications 

3.0 Fill Material 

3 .1 General: Material to be used as fill shall be essentially free of organic matter and 
other deleterious substances evaluated and accepted by the Geotechnical Consultant 
prior to placement. Soils of poor quality, such as those with unacceptable 
gradation, high expansion potential, or low strength shall be placed in areas 
acceptable to the Geotechnical Consultant or mixed with other soils to achieve 
satisfactory fill material. 

3 .2 Oversize: Oversize material defined as rock, or other irreducible material with a 
maximum dimension greater than 8 inches, shall not be buried or placed in fill 
unless location, materials, and placement methods are specifically accepted by the 
Geotechnical Consultant. Placement operations shall be such that nesting of 
oversized material does not occur and such that oversize material is completely 
surrounded by compacted or densified fill. Oversize material shall not be placed 
within 10 vertical feet of finish grade or within 2 feet of future utilities or 
underground construction. 

3 .3 Import: If importing of fill material is required for grading, proposed import 
material shall meet the requirements of Section 3 .1. The potential import source 
shall be given to the Geotechnical Consultant at least 48 hours (2 working days) 
before importing begins so that its suitability can be determined and appropriate 
tests performed. 

4.0 Fill Placement and Compaction 

3030.495 

4.1 Fill Layers: Approved fill material shall be placed in areas prepared to receive fill 
(per Section 3.0) in near-horizontal layers not exceeding 8 inches in loose thickness. 
The Geotechnical Consultant may accept thicker layers if testing indicates the 
grading procedures can adequately compact the thicker layers. Each layer shall be 
spread evenly and mixed thoroughly to attain relative uniformity of material and 
moisture throughout. 

4.2 Fill Moisture Conditioning: Fill soils shall be watered, dried back, blended, and/or 
mixed, as necessary to attain a relatively uniform moisture content at or slightly 
over optimum. Maximum density and optimum soil moisture content tests shall be 
performed in accordance with the American Society of Testing and Materials 
(ASTM Test Method D1557-91). 
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3030.495 

4.3 Compaction of Fill: After each layer has been moisture-conditioned, mixed, and 
evenly spread, it shall be uniformly compacted to not less than 90 percent of 
maximum dry density (ASTM Test Method D1557-91). Compaction equipment 
shall be adequately sized and be either specifically designed for soil compaction or 
of proven reliability to efficiently achieve the specified level of compaction with 
uniformity. 

4.4 Compaction of Fill Slopes: In addition to normal compaction procedures specified 
above, compaction of slopes shall be accomplished by backrolling of slopes with 
sheepsfoot rollers at increments of 3 to 4 feet in fill elevation, or by other methods 
producing satisfactory results acceptable to the Geotechnical Consultant. Upon 
completion of grading, relative compaction of the fill, out to the slope face, shall be 
at least 90 percent of maximum density per ASTM Test Method D1557-91. 

4.5 Compaction Testing: Field tests for moisture content and relative compaction of the 
fill soils shall be performed by the Geotechnical Consultant. Location and 
frequency of tests shall be at the Consultant's discretion based on field conditions 
encountered. Compaction test locations will not necessarily be selected on a 
random basis. Test locations shall be selected to verify adequacy of compaction 
levels in areas that are judged to be prone to inadequate compaction (such as close 
to slope faces and at the fill/bedrock benches). 

4.6 Frequency of Compaction Testing: Tests shall be taken at intervals not exceeding 
2 feet in vertical rise and/or 1,000 cubic yards of compacted fill soils embankment. 
In addition, as a guideline, at least one test shall be taken on slope faces for each 
5,000 square feet of slope face and/or each 10 feet of vertical height of slope. The 
Contractor shall assure that fill construction is such that the testing schedule can be 
accomplished by the Geotechnical Consultant. The Contractor shall stop or slow 
down the earthwork construction if these minimum standards are not met. 

4.7 Compaction Test Locations: The Geotechnical Consultant shall document the 
approximate elevation and horizontal coordinates of each test location. The 
Contractor shall coordinate with the project surveyor to assure that sufficient grade 
stakes are established so that the Geotechnical Consultant can determine the test 
locations with sufficient accuracy. At a minimum, two grade stakes within a 
horizontal distance of 100 feet and vertically less than 5 feet apart from potential 
test locations shall be provided. 
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5. 0 Subdrain Installation 

Subdrain systems shall be installed in accordance with the approved geotechnical report(s), 
the grading plan, and the Standard Details. The Geotechnical Consultant may recommend 
additional subdrains and/or changes in subdrain extent, location, grade, or material 
depending on conditions encountered during grading. All subdrains shall be surveyed by a 
land surveyor/civil engineer for line and grade after installation and prior to burial. 
Sufficient time should be allowed by the Contractor for these surveys. 

6.0 Excavation 

Excavations, as well as over-excavation for remedial purposes, shall be evaluated by the 
Geotechnical Consultant during grading. Remedial removal depths shown on geotechnical 
plans are estimates only. The actual extent of removal shall be determined by the 
Geotechnical Consultant based on the field evaluation of exposed conditions during 
grading. Where fill-over-cut slopes are to be graded, the cut portion of the slope shall be 
made, evaluated, and accepted by the Geotechnical Consultant prior to placement of 
materials for construction of the fill portion of the slope, unless otherwise recommended by 
the Geotechnical Consultant. 

7. 0 Trench Backfills 

3030.495 

7.1 Safety: The Contractor shall follow all OHSA and Cal/OSHA requirements for 
safety of trench excavations. 

7.2 Bedding and Backfill: All bedding and backfill of utility trenches shall be done in 
accordance with the applicable provisions of Standard Specifications of Public 
Works Construction. Bedding material shall have a Sand Equivalent greater than 
30 (SE> 30). The bedding shall be placed to 1 foot over the top of the conduit and 
densified by jetting. Backfill shall be placed and densified to a minimum of 
90 percent of maximum from 1 foot above the top of the conduit to the surface. 

The Geotechnical Consultant shall test the trench backfill for relative compaction. 
At least one test should be made for every 300 feet of trench and 2 feet of fill . 

7 .3 Lift Thickness: Lift thickness of trench backfill shall not exceed those allowed in 
the Standard Specifications of Public Works Construction unless the Contractor can 
demonstrate to the Geotechnical Consultant that the fill lift can be compacted to the 
minimum relative compaction by his alternative equipment and method. 

7.4 Observation and Testing: The jetting of the bedding around the conduits shall be 
observed by the Geotechnical Consultant. 
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