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Dear Mr. Duffy: 

December 6, 2016 
3910-1 

RE: GI:OTECH."-"ICAL INVLSTIGATION 
FOUR-STORY LIVE/WORK BUILDING 
619, 611 , M'.D 615 CALIFOR1'"lA DRIVE 
BURLrNCAME, CALIFORNIA 

In accordance with your request, we have performed a geotechnical investigation for your 
proposed live/work (mixed used) building to be construeted at 619, 621, and 625 
California Drive in Burlingame, California. The accompan)ing report summarizes the 
results of our field exploration, laboratory testing. and cnginccnng analysis, and presents 
our geotechnical recommendations for the proposed project. 

We refer you to the text of our report for specific geotcchnical recommendations for the 
project. 

Than.k you for the opportunity t0 work with you on this projecL Please call if you have 
any questions or comments concerning lhe findings. conclusions, or recommendations 
from our investigation. 

very truly yours, 

4 
Glenn A Romi 
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INTRODUCTlOl\ 

GEOTECHNICAL INV EST IGATION 
FOR 

FOUR-STORY LIVE/WORK BUlLDING 
619, 621 , and 625 CALIFORNIA DRJVE 

BURLINGA.\11:, CALIFORNIA 

We are pleased to present this geotechnical investigation repon for your proposed 

h\'e/wor" (mixed use) building to be constructed at 619, 621. and 625 California Drive in 

Burlingame, California. The location of the site is shown on the Vicinity Map, Figure I. 

The purpose of this investigation was to evaluate subsurface conditions at the site and to 

provide geotcchnical recommendations for the proposed project. 

Projttt Dncriotion 

The project consists of constructing a four-siory hvelwork (nuxed use) building on the 

three referenced propenics in Burlingame. The building is expected to have a ground 
level concrete podium with tllrcc levels of wood frame construction above. The ground 
le,-el of the building is expected to include interior covered paricing, a small lobby, and 

five office units with the ground Ooor space totaling l 4, 164 square feet. The 2,,.. through 

4"' floor will consist of 26 rcsidentiaVwork units totaling approximately 34,799 square 
feet The 4"' floor will also include exterior common and private terraceS. The relatively 

Oat approximately 0.45-acre site is CUTT'Cntly occupied by an auto repair shop, a parking 

lot, and residential units. The proposed building will be located centrally across the three 

lots. Other improvements include a trash/utility enclosure:. exterior Oatwork. paved 

parlcing entrance dnvcway, and landscaping around the building. 

Scope of Work 

The scope of our wotk for tlus investigation was presented in our agreement with you 

dated September 12, 2016. ln order to accomplish this investigation. we performed the 

fol lowing wock.. 

• Review of geologic, gcotcehnical, and seismic conditions in the vicinity of the s ite. 

• Subsurface exploration coosisting of drilling, sampling, and logging three exploratory 
borings in the area of the proposed bui I ding. 

• Laboratory testing of selected samples to aid in soil classification and to help evaluate 
the engineering properties of the soils encountered in our borings. 
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• Engineering analysis and evaluation of the subsurface data to develop geotccbnical 
design criteria. 

• Preparation of this report presenting our geotccltnical findings and recommendations 
for the project 

Limiotj911 

This report was prepared for the exclusi'e use of Mr. Ed Duffy for specific application to 

developing geotecbnical design criteria for the cU1TCntly proposed live/work building to 

be constructed at 619, 621, and 625 California Drive in Burlingame, California. We 

make no warranty. expressed or implied, except that our services were performed in 

accordance with geo«echnical engineering principles generally accepted at this time and 

location. This report "as prepared to provide engineering opinions and recommendations 
only. In the event there are any changes in the nature, design, or location of the project, 

or if any future improvements are planned, the conclusions and recommendations 

presented in this report should n0t be considered valid unless I) the project changes are 
reviewed by us, and 2) the conclusions and recommendations presented in this report are 

modified or verified in wnting. 

The analysis, conclusions, and recommendations presented in this report are based on site 

conditions as they existed at the time of our investigatioo; our understanding of the 

currently proposed construction; review of readily available repons rel~ant to the site 

conditions; and laboratory test results. In addition, it should be recogni:zcd tha1 certain 
limitations are inherent in the evaluation of subsurface conditions, and that certain 
conditions may not be detected during an investigation of this type. Changes in the 

information or data gained from any of these sources could result in changes in our 

conclusions or recommendations. lf such changes occur, we should be advised so that we 

can review our report in light of those changes. 

SITE EXPLORATION AND RECONNAISSANCE 

Site reconnaissance and subsurface exploration were performed on October 17. 2016. 
Subsurface exploration was performed using a truck-mounted drill equipped with 7.25-
inch diameter hollow-stem augers. Three exploratory borings were advanced to depths 
ranging between 20 to 50 feet. The approximate locations of the borings are shown on 
the Site Plan, Figure 2. The boring logs and the results of our laboratory tests are 
attached in Appendices A and B, respectively. 
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San•st Condition• 

The site is located in a residentiaVcommereial area at the east comer of the inteisection of 

California Drive and Oak Grove Avenue. At the time of our investigation, the site 

consisted of three adjacent lots addressed as 619, 621, and 625 California Drive. 619 
California Drive (southeast most site) was an asphahic concrete paved, empty lot. Two 

large shipping containers were present on the lot 625 California Drive (middle site) was 
occupied by a single story, concrete block commercial building. 619 California Drive 

was occupied by two single-story, wood framed residences that had wood siding exteriors 

(the rear residence addressed as 1201 Oak Grove Avenue). A concrete driveway 

extended from California Drive along a ponion of the front residence. Concrete and bricl 

Oatworl were located along the perimeter of the residences. The residential lot was 

vegetated with small shrubs and small to medium treeS. 

The depth and width of the existing building and residence foundations are unknown. 

Several vertical cnicks were observed along the exterior foundation wall of the 

commm:ial building. Where visible we observed many vertJCal cracks up to about ~ 

inch wide along the exterior stem wall of the two single-story residences. We did not 
observe the interior of any of the structures. The concrete walkways were in poor 
condition with surface cracb as wide as about 1-incb. The concrete driveway bad several 
cracb up to \/.-inch in width. The asphalt parling lot at 619 California Drive bad 

numerous hairline to ~-inch wide cracb and was very deteriorated and weathered. The 

roof downspouts at the two residences discharged into a closed pipe system or adjacent to 

the perimeter foundation 

Suhwrfast Ceadirlom 

At the lOC8tion of our Exploratory Boring EB- I, which was advanced at 625 California 

Drive, we encountered approximately 1.5 feet of fill which consisted of very stiff sandy 

lean clay of low plasticity UDderlain by approximately 3.5 feet of very stiff sandy lean 

clay of low plasticity. Beneath the surface clays encountered approximately 45 feel of 
medium dense to very dense clayey sand and clayey gravel which extended to the 

maximum depth explored of 50 feet. 

At Boring EB-2, which was advanced at the northeast side of 619 California Drive, we 

encountered approximately 3 feet of fill which consisted of firm sandy lean clay of low 

plastic ii)' underlain by approximarely 14 .5 feet of stiff 10 very sti fT sandy lean clay of low 

plasticity. We then encountered medium dense clayey sand which extended to the 
maximum depth explored of 35 feet. 
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Al Boring EB-3, which was advanced at the southeast comer of619 California Drive, we 

encountered approximately 3 feel of fiU which consisled of soft sandy lean clay of low 

plasticity underlain by approximately 4 feet of stiff IO very stiff sandy lean clay of low 

plasticity. We then encountered medium dense clayey sand which extended to the 

maximum depth explored of 20 feet. 

A Liquid Limit of 28 and a Plasticity Index of 8 were measured on a sample of near­

surface soil obtained from Boring EB- I. These rest results indicate that the surface and 

near-surface soils at the sire generally have low plasticity and a low potential for 

expansion. 

Ground Waler 

Ground water was encountered during drilling and sampling at a depth of approximately 

23 feet in Boring EB- I, approximately 11 feet in Borings E0-2, and approximately 14 

feet in Boring ES-3. The borings were backfilled with grout shortly after drilling, 

therefore a stabilized ground water level was oot mca..-;ured. Our woric experience in the 

immediate area of the sire iodieares that the srabilizcd ground water table has varied from 
about 5 IO 7 foet below surface grades at nearby projcc1 sites. 

Based on our eltperience, we expect that the highest projected ground water level at the 

site could be seasonally as high as approximately 6 feet below grade. Please be cautioned 
that fluctuations in the level of gJ'OUJld water can occur due to variations in rainfall, tidal 

fluctuations, local surface and subsurface drainage patterns, landscaping, and other 

factors. 

CEOLOCIC SrnINC 

As part of our investig;ition, we reviewed our local experience and geologic literature in 
our files pertinent IO the general area of the site. The info1marion reviewed indicates the 
site is located in an area mapped as Holocene-age medium-grained alluvium, Qam 
(Pampeyan, 1994). The alluvium is described as unconsolidated to moderately 

consolidated, moderately soned sand and silty IO clayey sand. The geology of the site 
vicinity lS shov.n on the Vicinity Geologic Map. Figure 3. 

Based on information presented in a re.port tilled .. Geologic and Engineering Aspects of 

San Francisco Bay Fill" (CDMG, 1969). the site is mapped omside the area which is 
considered IO be underlain by compressible younger Bay Mud (CDMG, 1969). The 
estimated extent and thickness of the young Bay Mud in the immediate site area is shown 

on the Contour Map of Bay Mud Thickness, Figure 4. 
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The lot and immediate site vicinity are located in an area that slopes very gently to the 

nonh towards the San Francisco Bay. The site is located at an elevation of approximately 

23 feet above sea level. 

Faulting •nd S~ismicity 

There are no mapped through-going faults across or immediately adjacent to the site and 

the site is nol located within a State of California Eanhquakc Fault Z.One (formerly known 

as a Special Studies Zone), an area where the potential for fault ruprurc is considered 
probable. The closest active fault is the San Andreas fault, located approximately 2.7 

miles southwest of the property. Thus, the likelihood of surface ruprure occurring from 

active faulting at the site is remote. 

The San Francisco Bay Area is, boweves-, an acti"e seismic region. Eanbquakcs in the 

region result from strain energy constantly accumulating due to the northwestward 
movement of the Pacific Plate relative 10 the North American Plate. On average about 

1.6-inchcs of movement occur per year. Historically, the Bay Area has cx.perienced large, 

destructive earthquakes in 1838, 1868, 1906, and 1989. The fauhs considered most likely 
to produce large earthquakes in the area include the San Andreas, San Gregorio, 

Hayward, and Calaveras faults. The San Gregorio fault ts located approximately 9.1 
miles southwest of the site. The Hayward and Calaveras faults are located approximately 

16 and 24 miles northe45t of the site, respectively. These faults and significant 

earthquakes that have been documented in the Bay Area are listed in Table I on the 

following page and are shown on the Regional Fault and Seismicity Map. Figure 5. 

In the future, the subject propeny will undoubtedly experience severe ground shaking 

during moderate and large magnitude earthquakes produced along the San Andreas fault 

or other active Bay Arca fault zones. The Working Group On California Earthquake 

Probabilities, a panel of experts that are periodically convened to estimate the likelihood 

of future earthquakes based on the latest science and ground motion prediction modeling, 
concluded there is a 72 percent chance for at least one earthquake of Magnitude 6.7 or 
larger in the Bay Area before 2045. The Hayward fault has the highest likelihood of an 

earthquake greater than or equal to magnitude 6.7 in the Bay Area, estimated at 14 

percent, while the likelihood on the San Andreas and Calaveras &ul.ts is estimated at 

approximately 6 and 7 percent, respectively (Worlcing Group. 2015). 
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Tabl• I • .:.rthqoakc Magnitudes and Ristori<•I Earthquakes 
Live/Work Build.ing 

Burl.lngame, California 

Maxim am 
Fault M"'nitude (Mw) 

San Andreas 7.9 

Hayward 7.1 

Calaveras 6.8 

San Gregorio 7.3 

Historical 
£arthqu•kH 

Estimated 
Magnitudf 

1989 Loma Prieta 6. 9 
1906 San Francisco 7 .9 
1865 N. of 1989 Loma Prieta Earthquake 6.5 
1838 San Francisco-Peninsula Segment 6.8 
1836 East of Monterey 6.5 

1868 Hayward 6.8 
1858 Hayward 6 .8 

1984 Morgan llill 
19 11 Morgan Hill 
1897 Gilroy 

1926 Monterey Bay 

6.2 
6.2 
6.3 

6.1 

[.anhnake Ds:!!ga Paramstrn 

The State of California currently requires that buildings aod structures be designed in 

accordance with the seismic design provisions presented in the 2016 California Building 

Code and in ASCE 7-10, "Minimum Design Loads for Buildings and Other Strucrurcs." 
Based on site geologic conditions and on infonnation from our subsnrface exploration at 

the site, the site may be classified as Site Class D, stiff soil, in accordance with C hapter 

20 of ASCE 7-10. Spectral acceleration response parameters Ss and St, and site 
coefficients Fa and Fv, may be taken directly from the figures and tables in the 2016 

California Building Code and in the lookup tables ai the U.S.G.S. website based on the 

la1irude and longitude of the site. For the site latitude (37.5819) and longitude 

(-122.3510) and Site Class D, SDs = 1.385g and SD I = 0.983g. 

Ceologit .Hn1rd• 

As part of our investigation. we reviewed the poten1ial for geologic hazards to impacl lhc 
si1e and the proposed building. considering the geologic setting and the soils encountcml 

during our investigation. The results of our review are presented below and in the 
following sections of our rcpon. 
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• Fault Rupture - The site is not located in a State or California Earthquake Fault 
Zone or area where fault rupture is considered likely. Therefore, acovc faults arc 
not believed to exist beneath the site and the potential for fault ruprure at the site 
is remote. 

• Ground Shaking - The site is located in an active seismic area. Modenue to large 
earthquakes are probable along several active faults in the greater Bay Area over a 
30 to 50 )"C3r design lifo. Strong ground shaking should therefore be expected 
several times during the design life of 1be service cenlcr facility, as is typical for 
sites throughout the Bay Area_ The building should be designed in accordance 
with currenl eanhquake resistance standards. 

Lkaurfaction and D»namk Dtn~lfk!tion 

Severe ground shaking during an eanhquake can cause loose 10 medium dense granular 

soils to densify. If the granular soils are below ground water, their densification can 

cause increases in pore water pressure, which can lead to soil softening, liquefaction, and 

ground defonnation. Soils most prone to liquefaction arc saturated, loose to medium 

dense, silty sands and sandy silts wilh limi1ed drainage, and in some c"ses, sands and 
gravels that arc intCTbedded wilh or that contain seams or layers of irnpenncable soil. A 

Stale of Califomia liquefaction hazard zone had n<>1 been established yet for this site area. 

The clayey sand encountered at the site below the highest projected ground water depth, 

which is estimated 10 be about 6 fce1 below the ground surface, was considered in our 

liquefaction analysis. Soils with normalized standard penetration ICSl, (N1)6o. greater than 

30 blows ~ feet were considered too dense to liquefy. 

To evaluate the potential for eanhquake-induced liquefaction of the sandy soils at lhc site 

within the depth of exploration. we performed a liquefaction analysis of the data from our 

borings generally follo"'"ing the methods described in the 2008 publication by Idriss and 

Boulanger titled "'Soil Liquefaction During Earthquakes". 

In addition to liquefaction, we analyzed the polcntial for dynamic densificatioo of the 

medium dense sandy soils when a deeper ground water condirion is present. Dynamic 

densification occurs during moderate and large eanhqualtes when soft or loose, natural or 

fill soils densify and seitle, often unevenly across a site. To evaluate the potential for 
eanhquake-induced dynamic densi fication, we perfonned a settlement analysis of the data 

from our borings following the methods presented at the US Army CotpS of Engincers 
EM 1110-1-1904. 
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Potentially liquefiable soils and/or soils prone 10 dynamic dcnsificarioo were encountered 

in Boring EB- I beiweeo depths of approxima1ely 5 lO 7 feet. 12 IO 20 feet, and 27 to 32 
feet. and in Boring EB-2 bciweeo depths approximately of 17 .5 IO 35 feet. and in Boring 

EB-3 between depths of approximately 7 to 20 feet. These clayey sands and gravelly 

sands are potentially prone to liquefaction or dynamic densification when subjected to the 
maximum considered earthquake acceleration (PGA") of 0.8 lg based on the Probabilistic 
Seismic 1 lazards Mapping GrolDld Motion Page (CGS, 2016). Based on the results of our 

analy:.i.s of these sand and gravel layers. we estimate that total settlement of about 0.6- to 

I. I-inches could occur within these sand strara due 10 severe ground shaking caused by a 

major earthquake. In our opinion, difTcrcntial settlement of about !h- to %-inch over a 
horizontal distance of about 50 feet is possible at the ground surface from this amount of 

total settlement 

Several feet of soft to firm surface fill was encountered along the southeast area of the 
site. In our opinion, some static and seismic related differential senlemcot of slabs-oo­

grade and exterior flatworklpavement areas is possible in areas where the existing fill is 
not excavated and properly compacted. 

CONCLUSIONS 

From a geotechnical viewpoint, the site is suitable for the proposed four-story live/work 

building provided the recommendations presented in this report are followed during 

design and construction. Specific geotcchnical recommendations for the project are 
presented in the following sections of this report. 

The primary geotecbnical concerns for the proposed improvements are the presence of up 

to 3 feet of soft 10 finn surface fill material encountered in our borings, the medium dense 

sand strata that are susceprible ro liquefaction and dynamic deosificatioo, and the 
potential for severe ground shaking during a major earthquake. In our opinion, the 
proposed building may be supported on mat or conventional spread footing foundation 

bearing in stiff native soils below any existing fiU, or on properly compacted structural 

fill. These preliminary foundation recommendations are based on the anticipated 
structural loading conditions. However. once the specific dead and live loads and the 

foundation configuration ha\'c been developed, we should update the range of expected 

foundation sculement and detenninc if revision t0 these preliminary recommendations are 
appropriate. 
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In our opinion, any existing fill not removed during gradmg for the building pad should 

be excavated and recompacted below the building, exterior flatwork, and any other site 

improvements during site preparation. The reworicing of the fill and subgradc preparation 

should proceed as recommended in the section oflhis repon titled "Earthwork." 

Because subsmface conditions may vary from those encountered at the locations of our 
borings, and to observe that our recommendations are properly implemented. we 

recommend that -..c be retained 10 I) review the grading and fowxlation plans for 

conformance ,.,;th our recommendations; and 2) observe and test during the earthworic 
and foundation phases of construction. 

FOUNDA1'10NS 

Spmd Footing Fovndl(!on• 

In our opinion, the building may be supponed on a conventional spread footing 

fowxlation system bearing on stiff native soils or properly compacted stiuctuml fill. All 
continuous footings $hould have a width of at least IS inches and should extend al least 
30 inches below exterior grade and at least 24 inches below the bonom of concrete slabs­

on-gnide, whichever is deeper. Continuous footings with at least these minimum 

dimensions may be designed for an allowable bearing pressure of 3,000 pounds per 
square foot for dead loads, 3,500 pounds per square foot for live loads with a one-third 

increase allowed when considering additional shon-tcrm wind or seismic loading. 

AU footings loeatcd adjacent 10 utiliiy lines should bear below a 1:1 plane extending up 

from the bottom edge of the utiliiy trench. We recommend that continuous foundations 

be designed with sufficient depth and reinforcing to tolerate the estimated differential 
senlemcnt. 

Our representative should observe all footing excavations prior 10 placement of 
reinforcing steel to confirm that they expose suitable material and have been properly 

cleaned. lf soft or loose soils arc encountered in the foundation excavations, our field 

representative may require overexcavation and/or compactivc effort or a deeper footing 

depth before the reinforcing steel is placed. 

Str1ctua.l ~f•t Found•tion 

As an alternative 10 lhc spread footing foundation described above, the building may be 

supported on a reinforced concrete mat foundation bearing on a properly prepared and 
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compacted soil subgrade. The mat may be designed for an average allowable bearing 

pressure of 2,000 pounds per square foot for combined dead plus live loads, with 

maximum localized bearing presswcs of 3.000 pounds per square foot al column or wall 
loads. These pressures may be increased by one-third for total loads including wind or 

seismic forces. These pressures are net values: the weight of the mat may be neglected in 

design. It would be preferable for lhe mat foundation to have a thickened perimeter edge 

that extends at least 8 inches into the soil subgradc below lhe bottom of the mat or at least 

4 inches below the base of the capillary brealc rock section. This should improve edge 

stiffness, reduce the potential for mat slab dampness, and increase resistance to lateral 

loads imposed on the maL 

The mat should be reinforced tO provide structural continuity and IO permit spanni11g of 

local irregularities. A modulus of subgrade reaction (Kvl) of 70 pounds per cubic inch 

may be assumed for the mat subgrade. This value is based on a I-foot square bearing 

area and should be scaled to 3CCOUJ\t for mat foundation size effects. Alternatively, based 
on the anticipated building load and differenual static senlcment, on a preliminary basis a 
modulus of subgrade reaction (Kv) of 15 pounds per cubic inch (pci) may be assumed for 

the mat subgradc. 

The mat foundauon should be reinforced to provide structural continwty and tO penrut 

spanning of local irregularities. We rcconunend the mat be designed wilh sufficient 

depth and reinforcing to be able to tolerate the estimated differential settlements. 

Prior to mat construetion, the mat subgrade should be proof-rolled to provide a smooth 

finn surface for mat suppon. When: dampness of the mat -.ould be undesirable, a high­
quality membrane vapor barrier should be installed below the mat as described in the 

section of this repon titled ''Slabs-on-Grade." 

Latral Loa.cl.• 

Lateral loads may be resisted by base friction between the vapor barrier or damp proofing 

membrane below the mat and the supporting subgrade and by passive soil pressure acting 

against the sides of the mat foundation. The structural engineer should consult with the 
membrane manufacturer for lhc coefficient of friction co be assumed for design. 

Lateral loads may be resisted by friction between the bottom of the foocings and the 

supponing subgradc. A coefficient of friction of 030 may be assumed for footing design. 
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In addition. lateral resistance may be provided by passive soil pressure acting against the 
sides of foundauons cast neat in footing cxcavations or b:lclctilled with compac1ed 
strucrural fill. We R'lCOllUDend assuming an equivalent fluid pn:ssure of 300 pounds per 

cubic foot for passive soil resistance, where appropriate. The upper foot of passive soil 

resistance should be neglected where soil adjacent to lbc footing or mat will be 
landscaped or subjec1 10 softening from rainfall andfor surface water runoff. 

S.tlltmtnt 

Based on !he bearing capacity values presented above, on a preliminary basis, in our 

experience, the 30-year post-construction differential settlement due to static loads is nol 

expeclcd to exceed I-inch across the proposed building. provided the building 

foundations are designed and constructed as recommended. Less differential movemcnl 

wou.ld be expeclcd across a structural mat foundation. Once the range of dead and live 

loads and the foundation configuration have been developed, we should update the 
magnirude of 1otal and differential foundation senlemcnl to help establish if an 
adjusnnen1 should be made to the allowable bearing capacity values. 

Additional differen1ial settlement may occur as a resul1 of liquefaction and dynamic 

dcnsification caused by severe gJ"OUDd shaking during a major earthquake, as discussed 
earlier. 

Gtneral Slab Con•kltratio11s 

The surface and near surface soils al lhis site have a low potential for expansion. To 

reduce the potco11al for moYemcn1 of lhe slab subgrade, al least lbe uppu 8-inchcs of 

expansh-e soil should be scarified and compacted a1 a moisrurc conteol a1 least 2 peroen1 

above the laboratory optimum. The native or fill soil subgradc should be kept moist up 

until the time the non-expansive fill and/or aggregate base is placed. Slab subgrades and 

non expansive fill should be prepared and compacted as recommeodcd in the section of 

this repon titled MEarthwork." Exterior Oatworlc should be underlain by a layer of non 
expansive fill as discussed below. The non expansive fill should consist of aggregate 

base rock or a clayey soil with a plasticity index of 15 or less. 

Considering the potential for expansive soil movements of the swfacc soils, we expect 
that a reinforced slab will perform better than an unreinforced slab. Consideration should 

also be given to using a control joint spacing on the order of 2 feet in each direction for 
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each inch of slab thickness. 

Exterior Ratworl< 

~ear surface concrete walkways and exterior llatwork should be at leas1 4 inches thiclc 

and should be constructed on at least 6 inches of Class 2 aggregate base. We recommend 

lhal exlerior slabs-on-grade be cons1ruc1ed with a thickened edge to improve edge 

stiffi:lcss and to reduce the potential for waler seepage under the edge of the slabs. 

lnltrior Slab! 

Concrete slab-on-grade floors for the building (other than the mat slab) should be 
construcled on a layer of non-expansive fill al least I 0-inches thick and constructed on a 
properly prepared and compacted soil subgrade. Since the gwund level garage floor for 
the buildmg will support vehicle loads. we recommend thal the garage floor slabs should 

be designed more heavily reinfon:ed and al least 5 to 6 inches in thickness, in our 

opinion. 

In areas where dampness of eoncrele floor slabs or mal would be undesirable, such as 

within building interiocs, concme slabs and mat should be uodertain by at least 4 inches 
of clean. frec-draining gravel, such as ~inch to %-inch clean crushed rock with no more 

than 5 percent passing the ASTM No. 200 sieve. Pea gravel should not be used. The 

crushed rock should be compacted with vibratory equipment. To reduce vapor 

transmission up through at-grade concrete floor slabs, the crushed rock section should be 
covered with a high-quality, UV-resistanl membrane vapor rc1ardcr meeting the minimum 
ASTM E 1745, Class C requirements or bcutt. If moisture-sensitive floor coverings arc 

proposed and/or additional prolection is desired by the owner, a higher quality vapor 
barrier conforming lo the rcquiremenlS of ASTM E 1745 Class A, with a water vapor 

transmission rate less than or equal lo 0.0 I perms (such as 1 S-mil lhick '"Slego Wrap 
Class A") may be used rather than a Class C vapor rew-der. The vapor retarder or barrier 
should be placed directly below the coocre1e slab. Sand abo\"C the vapor retarder/barrier 
is not recommended The vapor retarder/barrier should be installed in accordance with 

ASTM E 1643. All seams and penc1ra1ions of the vapor barrier should be sealed in 
accordance with manufacturer's recommendations. 

The permeability of concre1e is affected significantly by the water.cement ratio of the 
mix, with lower water.ccmem ratios producing more damp-resistanl slabs and higher 
strength. Where moisture prolection is important and/or where the concrete will be 
placed directly on the vapor barrier, the water:cement ratio should be 0.45 or less. To 

increase the worlcability of the concrete, mid-range plasticizers may be added to lhc mix. 

Water should not be added to the mix unless the slump is less than specified and the 
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water.cement ratio will not exceed 0.45. Other steps that may be taken to reduce 

moisture transmission through concrete s labs-on-grade include moist curing for 5 to 7 

days and allowing the slab to dry for a period of two months or longer prior 10 placing 

floor coverings. Prior to installation of floor coverings. it may be appropriate to test the 
slab moisture content for adherence to the manufacturer's requirements to determine 

whether a longer drying time is necessary. 

VEWCU: PAVDIE.NTS 

Asphalt Conente Pntmt'nts 

Based on the anticipated composition of the surface soils, and an estimated traffic index 

for the proposed pavement loading conditions, we developed the minimum pavement 

sections presented in Table 2 below based on Procedure 630 of the Caluans Righway 

Design Manual. 

The Traffic Indices used in our pavement thickness calculations arc considered 
reasonable values for this development and are based on engineering judgment rather than 
on detailed traffic project.ions. Asphalt concrete and &ggreg31C base should confonn to 

and be placed in accordance with the requirements of the Cahrans Standard 
Specifications, latest edition, except that compaction should be based on ASTM Test 

01557. 

Table 2. Pavement Set-lions 
Four-Story Un/ Work Buildillg 

Burfingam~ California 

Traflk Design Asphalt Aggngato Tow 
Loadlnc Traffic Concrete 8a§e* Thldmoss 
Con!!llion Index {Inch .. } (inch .. } (Inch .. } 

Automobile Parking 4.0 3.0 7.0 IO.O 

Automobile Access 4.5 3.0 8.0 11.0 

Light Truck Traffic 5.0 3.0 9.0 12.0 

Moderate Truck Traffic 6.0 4.0 11.0 15.0 

"Caltrans Class 2 Aggregate Base (minimum R-value ~ 78). 

We recommend that measures be taken to limit the amount of surface water that seeps 

into the aggregate base and subgrade below vehicle pavemenis. particularly where the 
pavemenis are adjacent to landscape areas. Seepage of water inro the pavement base 
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material tends to soften the subgrade, increasing the amount of pavement maintenance 

that is required and shortening the pavement service life. Deepened cwbs extending 

4-inchcs below the bottom of the aggregate base layer are generally effective in limiting 
excessive water seepage. Other l}'J'CS of water c:utoff devices or edge drains may also be 

considered to maintain pavement service life. 

Portland Ctmenl Coacrtte Pavemtnu 

If Portland Cement Concrete (PCC) pavements arc 1o be used on ponions of the site, the 

minimum required thickness of the PCC pa•ements should be based on the antidpated 

traffic loading, the modulus of rupture of the concrete that will be used for pavement 

construction, and the composition and supporting characteristics of the soil subgradc 

below the pavement section. 

To provide a general guideline for the minimum required thickness of PCC pavements, 
we used information in the Portland Cement Association publication titled ·'Thickness 
Design for Coocre1e Highway and Street Pavements." We assumed .. low .. subgrade 

support from the on-site soils, considering typical residential street traffic (up to 25 daily 

trucks with maximum single axle loads of 22 lrips and maximum tandem axle loads of36 
lrips), aggregate-interlock joints (i.e. no dowels), no concrete shoulder or curb, a modulus 

of rupture of concrete of 550 psi (wbicb correlates to a concrete compressive StrCngth of 
approximately 3, 700 psi), at least I 0 inches of Class 2 a.ggregate base below the PCC 

pavement, and 20-year pavement service life. Sufficient control joints should be 
incorporated in the design and construction lo limit and control cracking. 

Based on the design assumptions described above, a PCC pavement with a th.iclcncss of at 

least 6 inches would be adequate for average daily truck traffic (ADlT) of one; a 

thickness of at least 6.5 inches would be adequate for ADTI of 13; and a lb.iclcness of at 

least 7 inches would be adequate for AOTI of 110. 

EARTHWORK 

Clearing and Subgrade .Prtparation 

All deleterious materials. such as cx1stmg pavements. utilities to be abandoned, 
vegetation. root systems, surface fills, topsoil, etc. should be cleared from areas of the site 

lo be built on or pa•ed. The actual stripping depth should be determined by a member of 

our staff in the field at the rime of construction. Excavations that extend below finished 

grade should be backfilled with structural fill that is water-conditioned, placed, and 
compacted as recommended in the section of this repon litled '"Compaction." 
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After the site has been properly cleared, stripped, and excavated to the required grades, 
exposed soil surfaces in areas to receive structural fill or slabs--0n-grade should be 

scarified to a depth of 6 inches, moisture conditioned, and compacted as recommended 

for struotural fill in lhe section of this rcpon tilled "Compaction.• 

On-site soils, foundation and utility trench excavations. and slab and pavement subgrades 

should be kept in a moist condition throughout the construction period. 

Ba:iktin1 Pad Recommmdation1 

In our opinion, the existing fill should be excavated and n:compacted below the building. 

exterior flatwork, pavements, and other site improvements, with a 5 foot overbuild, where 

possible. The fill should be excavated down to stiff native soil and compacted under our 

direction. Imported backfill materials should be approved by a member of our staff prior 

to delivery to the site. The baclcfill should be moisture conditioned, and compacted as 
recommended in the section of this repon titled "Compaction." A member of our staff 

should observe and test during re-working of the building pad, as required. 

l\ht~rbt For Fm 

All on-site soil containing les~ than 3 pe=nt organic material by weight (ASTM 02974) 

may be suitable for use as strucrural fiU. Strucrural fill should not contain rocks or pieces 

larger than 6 inches in greatest dimension and no more than 15 percent larger than 2.5 
inches. lmponcd, noo-expansive fill should have a Plasticity Index no greater than I 5, 
should be predominately granular, and should have sufficient binder so as not to slough or 

cave into foundation excavations or utility trenches. A member of our staff should 

approve proposed impon materials prior to their delivery to the site. 

T <1WRO[!rY Slopg. .EX<*1'!!101n and IRw!ltriH 

The contractor should be ~DSil>le for the design and construetion of all temporary 

slopes and any required shoring. Shoring and bracing should be provided in accordance 
with all applicable local, state, and federal safety regulations, including current OSHA 

excavation and trench safe!y standards. 

Due 10 the potential for variation of the on-site soil, field modification of temporary cut 

slopes may be required. Unstable materials encountered on excavations and slopes 

during and after excavation should be trimmed off even if this requires cutting the s lopes 
back to a flatter inclination. 
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As discussed above, ground water will could seasonally be as high as approximately 6 

feet below grade. Therefore, cons1ructioo dewatering may be required depending on the 

depth of temporary excavations for utility trenehes and the ground water level al the time 
of excavation. 

Temporary dewatering for construction should be the responsibility of the contractor. 

The selection of equipment and methods of dewatering should be left up to the contractor 
and, due to the variable nature of the subsurface conditions, they should be aware that 

modifications to the dewatering system may be required during construction depending 
on the conditions encountered. 

Preferably. dewatering of deep utility trench excavations should be carried out in such a 

manner as to maintain the ground water a minimum of 2 feet below the bonom of the 
lreDch cxca,'lltions. Tbe contractor should design a system to achieve this. Depending 
upon the depth and dimensions of the excavations, we anticipate that dewa:tering may be 
able to be accomplished from pumping from sumps. 

Special considerations may be required prior to discharge of ground water from 
dcwatcring activities depending on the quality of the ground water, and environmental 

impacts at the site or at nearby locations. These requiremenrs may include srorage, 

testing and/or treabnenl under permit prior 10 discharge. 

Protection of structures near cuts should also be the responsibility of the contractor. In 
ow- aperience, a preconstruction survey is generally performed to document existing 

condillOnS prior to consuuction, with intermittent monitoring of the structurcS during 

cons1ruction. 

Fini•hoc! Slopp 

We recommend that finished slopes be cut or filled to an inclination no steeper than 3: I 

(borizontabertical). Exposed slopes may be subject to minor sloughing and erosion, 

which could require periodic maintenance. We recommend that all slopes and soil 

surfaces disturbed during construction be planted with erosion-resistant vegetation. 

Comp!Stlo!! 

Scarified soil sw:faccs and all structural fill should be compacted in uniform lifts no 

thicker than 8-incbes in uncompacted thickness, conditioned 10 the appropriate moisture 

content, and compacted as recommended for structural till in Table 3 on the following 
page. The relati,·c compaction and moisture content recommended in Table 3 is relative 

to ASTM Test 01557, latest edition. 
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Tablt 3. Compaction Recommendations 
Un/Work BeUdlng 

Burlingame, California 

Gtntral 

• Scarified subgrade in areas 
IO receive structural fill. 

• Strucrural Iii I composed 
of native soil. 

• Structural 611 composed 
of non-expansive fill. 

.P•~·tment Areas 
• Upper 6-inches of soil 

below aggregate base. 

• Aggregate base. 

Utility Trtnch Backfill 
• On-site soil. 

• lmooned sand 

Rtlativt Compaction• 

90 percent 

90 percent 

90 percent 

95 percent 

95 percent 

90 percent 

95 percent 

•Relative to ASTM Test 01557, latest edition. 

Surf au Drainau 

Page 17ol18 

Moio!urt Content• 

At least 2 percent 
above optimum 

At least 2 percent 
above optimum 

Above optimum 

Near optimum 

At least 2 percent 
above optimum 

Near optimum 

rmished grades should be designed to prevent ponding and to drnio surface water away 
from foundations and edges slabs and pavements, and toward suitable collection and 

discharge facilities. Slopes of at k-asl 2 percent are recommended for Oatwork and 

pavement areas with 5 percent preferred in laodscapc areas within 8 feet of the structures, 

where possible. At a minimum, splash blocks should be provided at the ends of 

downspouts to cany surface water away from perimeter foundations. Preferably, 

downspout drninage should be collected in a closed pipe system that is routed to a storm 

drain system or other suitable discharge outlet. 

Infiltration basins or bioswalcs, if aoy, preferably should 001 be placed within about 10 
feet of shallow foundation supported structures or slab or flatwork are-dS. Drains should 

be provided for infiltration basins chat direct water to an appropriate outlet as required by 
the civil engineer. 

Drainage facilities should be observed to verify that they are adequate and that no 

adjustments need to be made, especially during first two years following construction. 
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We recommend that an as-built plan be prepared to show the locations of all surface and 

subsurface drain lines and clean-outs. Drainage facilities should be periodically checked 
to verify that they are continuing to function properly. The drainage facilities will 
probably need to be periodically cleaned of silt and debris that may build up in the lines. 

FUTUR£ SERVICES 

PluRSY!sw 

Romig Engineers should review the completed grading and foundation plans for 

conformance with the recommendations presented in this repon. We should be provided 

with these plans as soon as possible upon their completion in order to limit the potential 

for delays in the permiuing process that might otherwise be attnbuted to our review 

process. In addition, it should be noted that many of the local building and planning 

departments now require ··c1ean~ gcotcchnical plan review letters prior IO acceptance of 

plans for their final review. Since our plan reviews often do result in recommendations 
for additional changes to the plans, our generation of a '"clean" review lcncr often 

requi~ two iterations. At a minimum, we recommend that the following note be added 

to the general note sections of the architccrural. srrucrural, and civil plans: 

"Earthworic, utiiiiy trench baclcfilling. slab subgrade preparation, foundation and slab 
construction, pavement construction, and site drainage should be performed in 
accordance with the gcotcchnical rcpon prepared by Romig Engineers, lnc., dated 

December 6, 2016. Romig Engineers should be notified at least 48 hows in advance of 

any earthwork or foundation construction and should observe and test during earthwork 
and foundation construction as recommended in lhe geotcchnical repon." 

Construction Observation and Trsting 

Earthwork and foundation construction should be observed and tested by us IO I) confirm 

that subsurface conditions are compatible with those used in lhe analysis and design; 
2) observe compliance with the design concepts, specifications and recommendations; 
and 3) allow design changes in the event that subsurface conditions differ from those 

anticipated. The recommendations in this repon are based on a limited number of 

borings. The nature and extent of variation across lhe site may not become evident until 

construction. If variations are exposed during construction, it will be necessary IO 
reevaluate our recommendations. 
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APPENDIX A 

rl£LD INVESTIGATION 

The soils cncouncered during drilling were logged by our representative and samples wc.-e 
obtained at depths appropriate to the invcstigation. The samples wen: taken to our 

laboratory where they ~ere examined and classified in accordance with the Unified Soil 
Classification System. The logs of our borings. as well as a sumnwy of the soil 

classification system (Figure A- I) used on the boring logs, are attached. 

Several tests were performed in lhc field during drilling. The siandard penetration test 

resistance was detcmllncd by dropping a 14~pouod hammer through a 3~inch free fall, 

and recording the blows required to drive the 2-inch (outside diameter) sampler 18 

inches. The standard penetration test (SPT) resistance is the number of blows required to 

drive the sampler the last 12 inches, and is recorded on the borings log at the appropriate 
deplb. Soil samples were also collected using a 2-5-inch O.D. drive sampler. The blow 

counts shown on the logs for the 2-5-inch sampler do DOI represent SPT values and have 

not been corrected in any way. 

The locations of the borings were established by pacing, using the site plan provided to 

us. The locations should be considered accurate only to the degree implied by the method 
used. 

The boring logs and related information depict our interpretation of subsurface conditions 

only at the specific location and time indicated. Subsurface conditions and ground water 

levels at other locations may differ from conditions at the locations when: sampling was 

conducted. The passage of time may also result in changes in the subsurface conditions. 

+ 



uses SOIL CLASSIFlCATION 

PRIMARY OIVlSIONS 

C1.£A.' GltA VD. 

COARSE GRAVEL (< S-..filles) 

GRAINED GltAVEL.,;o, 

sou.s F1SES 

(<50% f"".-a) o.EA'I SA."1> 

SAND (< 5'.fml 

SA. .. ,, 

wmtf1NES 

FINE SILT ANO CLAY 

GR.>J).'ED l----'~ __ ...,. __ •_~ __ __,1-""'­
SOILS 

(> SO%F .... ) SILT ANO CLAY 
UquMI limit ,. 50% 

HIGHLY ORGANIC SOILS 
Bl:DROCK 

RELATIVE D.ENSITY 

SAND & CRA VEL BLOWS/FOOT' 

VERY LOOSE Oto4 

LOOSE. 4 to 10 

MEDIUM DENSE. 10 to 30 

DENS!:. 30 to SO 

VERY DIONSE OVER SO 

SOCOl''DARY DIVISIONS 

• organic silts 

CONSISTENCY 

SILT&CLAY STRf.NGTU' BLOWS/FOOT" 

VERY SOFT 0 IO 0.2.S Otol 

SOFT 0.2S IO 0..S 210• 
FIRM O.S to I 4 10 8 

STIFF I to 2 8 to 16 

VERY STLFF 2 to4 16 IO 32 

KARO OVER4 OVER32 

GRAIN SIZES 

BOULDERS COBBLES 1-----G;;.;RA;;;_;,V...;E"-·L ___ -+----~-"S_AND_~----l SILT&CLAY 
COUSE MEOllJM 

0 7S" 

Classification iJ based on the Unified Soil Clu.<ificatioo Sys<cm; fines n:fcr to soil passirlg a No. 200 sieve. 

• Standatd Pcnctntion Test (SPT) resistmcc, using a 14-0 pound ham:ncr falling 30 inches on a 2 ind> 0 .0 . Split spGOll 

sampler, blow COUlllS no< c:ortteted for larger dWD<tc< ampl<n. 

~ Unconfined Corqx<ssi'c sumgdt in kxwsq. ft. as C<fimatcd by SPT ~. field and laboralO<y t<SIS, ondior 
visual observation. 

K EY TO EXPLORATORY BORING LOGS 
FOUR-STORY LIVE/WORK BUILDING 
BURLINGAME, CALIFORNIA 

Kl:YTOSA\1PLERS 

Modified Cahfomia Saq>ler (l·incb OD.) 
M!Ckitt Sampler (2..S-iucb OD.) 
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DRIU, TYPE: Mobile Drill 8-S3 with 7-1/4• Hollow Stem A.,.'" 

DEPTH TO GROUND WATER: 23feet SURFACE ELEVATI0:-1: NA 

Cl-'SSIFICA TION AND DESCRIPTION 

Fill: °'2nj;c IO darlc brown, Sandy Lean Clay, moist, fine to 
medium grained sand, low plasticity, laD mottling. 

Light rown. n y Clay, moist, fine gntincd 
low plasticity. dart orange and black mottling. 

• Liquid l..umt • 28, Plasucity Index = 8. 

e ~ PU$111g No. 200 Sie>'C. 

Very moist. 

e 44% Passmg No. 200 S;...'C. 

Continued on Next Page 

EXPLORATORY BORJNG LOG EB-1 
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DRILL T\'PE: Mobile Drill 8-S3 with 7· 114" Hollow Stem Auger 

DEPTH TO GROUNDWATER : 2J feet SURFACE ELEVATI0:-1 : NA 

CLASSIFICATION AND DESCRIPTION 

Ligb1 brov.n, Cla)'ey Sand. mo1St. 1ne 10 coanc: grained, 
low plasticity fines, darlt ~ and black rnonhQg. 

I Groond .. -.sa c:ncounicrtd dunng drilhni al 23 feet. 

Ligllt bro"'n, aycy ve • •tty moist, 1ne 10 coarse grained, 
fine to medium subangubr 10 subroondcd gravcl, low pl151tcity 
fines. 

Lighl brown, la)'CY wub grave. ''CIY moist, hnc 10 
medium grained, fine 111gubr gravcl, low plas11<:ity fll)C$. 

Continued on Ntl(I Page 
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DRU.L TYPE: Mobile Drill 8-53 "'ith 7-l/4" Hollow Stem Aui<f 

DEPTH TO GROUND WATER: 23 feet SURFACE ELEVA TIO~: NA 

e 37% Pas$q No. 200 Sie-'C. 

Bon om of Boring at 50 feet. 

Nole: The stntaficatJOn hnes ,..,,.,,...,. the approximate 
boundary bet,."CCD soil and rock rypes. the octual 
tnnsition may be graduol. 

•Mcaswcd us1na ToM1nc one! Pockot Penetromotcr devices. 

EXPLORATORY BORING LOG EB-I 
FOUR-STORY LIVFJWORK BUlLDING 
BURLINGAME, CALIFORNIA 
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DRILL TYPE: Mobile Drill B·Sl wuh 7-1/4• Mollow Stem AUj!CT 

DEPTH TO GROUND WATER: 1 l fct'I SURFACE ELEVATION: NA 

Cl..ASSIFlCA TION ANO OESCRJPTTON 

~bes of 1 concme. 
FIB: Dart brown, Sandy lean Clay, motSt. fine IO mcdiwn 
grained sand. low plasriciry. 

Ligbl brown. sand. Lean c •y. - ... pa• 
D'llCe subenguJar pavcl, low plasticity. cWI: onni<' and 
bbck moahng. 

• S4% Passing No. 200 Sic,c . 

Fine 10 coarse subangular IO subroundod gravel. 

JP: Ground walL-r encountered during drilling at 11 feet. 

lncrcasc in sand and gravel content. very moist. 

UgbJ l>rtw.n, O•)'ey .... ~ ... IO """"" gr.uned. fine IO 
coarse subangular pn1:1. low plasticity fmea. dad: cnngc and 
black moaling. 

e 34•. Passin No. 200 Sic-,,. 

Conunucd on NC1<1 Page 
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DRILL TYPE: Mobile Drill B-Sl Wtlh 7-114" Hollow Stem Augcr 

DEPTH TO GROUND WATER: 11 (cc1 SURF ACE ELEVATI ON: NA 

C.ASSIFICATION AND DESCIUPTION 

e 34% Pass"1g No. 200 Sie-<e. 

Bo<tom or Borina a13S rce1. 

Nole: The $2nlificarion lines ~ the appR>Xlmole 
boundary .....,....,,, soil and rod< typcs. the accuaJ 
tramirioa m&) be gnidual. 

EXPLORATORY BORING LOG EB-l 
FOUR-STORY LIVEJWORK BUILDING 
BURLINGAME, CALIFORNIA 
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DRILL TYPE: Mobile Drill B-53 wnh 7-1/4" llollow Stem Augc:r 

DEPTH TO GROUND WATER: 14 feet SURFACE ELEVATIO,~: NA 

CLASSIFlCA TION ANO OESCIUPTION 

>inches of l COD<Jt:IC. 
r ill: Ligh1 brown. Sandy Leon y, \Cf)' lllOISI, fine pained 
sand. low plastictl)', dark brown and Oft111C moetlmg. 

liglil brown 10 ill, y, VCI) 1J10U1. UlC s;uxl. 
low plllticil)', clan: brown mottling. 

Ligh1 brown, Clayey nd, very lllOISI, fioe 10 coanc gruacd, 
fine subangulM gnivel, low plasticil)' fllle$. 

• 39"~ Passing No. 200 Sieve. 

~ Ground waia cncounl<:r<d dunng drilling a1 14 r-

Nocc: The smnificanon Imes JCP1ua11 lhe _...,"""""' 
bouadary bcnittn soil one! rock 1ypcs. lhe OCIUll 
ll'3nSiticln may be IPdllaL 

Bottom ofBonng at 20 r-

EXPLORATORY BORING LOG £8-J 
FOUR-STORY LIVEJWORJ< BUILDING 
BURLINGAME, CALIFORNIA 
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APPENDIXB 

LABO RA TORY T£STS 

Samples from the subsurface exploration were selected for tests to help evaluate the 

physical and engineering properties of the soils that were encountered. The testS that 
were performed arc briefly described below. 

The oatural moisture content was determined in accordan<:c with ASTM D 2216 on 

nearly all of the samples recovered from the borings. This test dclcanines the moisrorc 

content, representative of field conditions, at the time the samples were collected. The 

results arc presented on the boring logs. at the appropriate sample depths. 

The Anerberg LimitS were detennincd on one sample of soil in accordance with ASTM 
04318. The Attcrberg limitS arc the moisrure content within which the soil is workable 
or plastic. The rcsultS of this test arc presented in Figure B-1 and on the log of Boring 
EB-I at the appropriate sample depth. 

The amount of silt and clay-sized material present was deiennfoed on seven samples of 

soil in accordance with ASTM 0422. The resul!S of these rcsultS arc presented on the 
boring logs at the appropriate sample depths. 
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