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"t- Recommendations for grading req~iremeiits, including site and building 
area preparation, fill placemsnt, and sir '^'lily of existing soils for fill. 

T l  xiie Appendix contains the results of the fiA'l ex5 - , 'sts and provides a sits pi? 

showing the exploration locations. 

We understand that a new subdivision is planned for this site. We assume that houses will use frame 

or 1nas019̂ "y construction with concrete slab-on-grade floors, We have not been given stn1ct11ra1 

details but expect that maximum wall and co1umn loads will be less than 3 Wand 30 kips, 

respectively. We have not been provided with a grading plan but we assume that finished grades will 

be at or near existing grades. 

valuation an 
To obtain information on the conditions at this site and to determine applicable soil properties, we 

completed an on-site evaluation. The extent of our evaluation and testing programs is described in 

the following section. 



We encountered auger refusal at all of our borings at depths ranging between 2 and 4 feet. Many 

factors can cause or contribute to x ~ g e r  refusal: strongby cemented soil; coarse gravel, cobbles> or 

boulders; thin rock seams; the upper surface of continuous rock; or borehole confinement. Special 

exploration procedures are needed to determine the character and continuity o f  refusal. Such 

proced~~res were not within the scope of our current services, but w believe that ref11sal was 

probabky caused by the presence of cobbles and bot11ders and borehole confi~~ement~ 



3 Exis+jag - Fill 

The existing Â£1 we encountered appear:; 10 have bee-a compacted, bus, may not be sufficienl 
-- - 

lo provide suitable s~ppor t  of structurd! elements. We are unaware of records of compaction 
' -̂1 for this fill, therefore we consider me fill to be uncontrolled and potendally uasnitabb for 

support of i:kr ̂ abmiea - + - X T  c x - ~ i + h n ~ ~  fv.,l.L.lsu~t first stripping and iecompacting. Additional field evahiaiions 

will be required to delineate the vertical and lateral extents of existing fill. Depending on ths 

conditions encountered at the time of construction, it may be possible to leave ihe exisdng fill 

in place. 

All structural elements will experience at least some differential movement and the various 

components must accommodate this potential. We recommend that you have the Architect, the 

Structural Engineer, Civil Engineer, Landscaper, and all other design team members and contractors 

read this report and consider our comments. The basis for our comments on foundation and slab 

design details is primarily our experiences with recurring problems associated with many of these 

items. 



Footings should have minimum widths of 12 inches for walls a ~ d  24 niches for columns. Go ~eming 

building codes may require greater widtns. A one-third increase in the bearing pressures iz allov~abk 

for transient wind or seismic loads. The bearing values given are net bearing values so the weight of 

the concrete in the footings may be ignored. 

Foundations adjacent to descending slopes should be setback at least 3 feet, horizontally, from the 

top of the slope. Additionally, an imaginary line extending downward at 45 degrees from a 

not intersect the slope face. 

All footings, stem1,va11s7 and masonuy vva11s sho1~11d be reinforced to reduce the effects of potential 

differential movements. Reinforcement should be consistent with structural requirements to 

minimize the possibi1ity of longitudinal cracking along the wall. We suggest con*' ~inuous 

reinforcement through these areas because we frequently see cracks in the slab portions of 



Â¥ Modulus of Subgrade Reaction: 250 pci 

@ Soil Modulus of Elasticity: 3000 psi 

Â¥ Coefficient of Friction: 1.0 

@ Edse Moisture Variation Distance, e,,, 

Center Lift Condition 5.5 feei 

Edge Lift Condition 3.0 feet 

+ ~ y c . - ~ - , .  i ieiUntial Soil Movement, y,,, 
Center Lift Condition 0.5 inches 
Edge Lift Condition 0.6 inches 



*Ã importeai: Conmeats Regardzag Post-Tensioned Systems 
, a ? ~ 

On the basis of our experience, it appears that many people na-ve a niisimdersianc "if tile 

performance ofpost-tensioned systems and the need for ground preparations. The > f a  post- 

tensioned supporting system does not preclude the need for appropriat~ground preparation. If 

soils capable of volume change underlie any shallow system, there is still the possibility of 

differential slabJfoundation movement arid damage. A post-tensioned system can merely lessen 

the effects of differential movement, especially to the superstructure that it supports. It does this 

primarily by redistributing stresses because of its higher internal strength (as compare 

conventional unreinforced slab and separate foundations). One cannot expect to design a single, 

specific post-tensioned system for any soil and loading situation and have it perform adequately 

under all conditions. The design should be specific to the site soils and structural loading and 

good construction practices should be followed. 

The need for appropriate soil preparation is not diminished by using a post-tensioned system. In 

fact, prior to actually tensioning the cables, the system is an unreinforced monolithic 

slab/foundation, deriving all of its support directly from the soil during its critical hydration 

period. Subgrade preparation, subbase fill construction, base course provisions and compaction, 



reentrant comers. 

Reinforcing should be placed diago- 
centered on corner 

nally across the interior projection of 

comers as shewn in Figure 1. 

Reinforcement should be positioned as 1 
interior Corner near the mid-height of the slab as p i -  

ble while maintaining codes. Altema- 

tively, control joints may be used for 

this situation as shown in Figure 1. Slabs should be jointed around columns and along footing 



A11 concrete placeffient and ci-iring operations should follov~ r~coai2rendatc;ris ofths A r ~ e n c a a  

Concrete Institute manual. h-sprope- curing a d  excessive s lump ( /vaier-cemect raijc) could cause 
' 1 excessive suriiikage, cracking, or curlkg of the concrete. Co-ncrete slabs should be dlo^'"'--' $0 w e  

n- 
adequately before placing vinyl or other moistii-e-sensitive fiocr coveriiig I o prevsn m~hi-e 

bonding, distortion, and water vapor entrapment, flooring should not be p l 2 4  until the i uisoii-e 

content of the slab is at or below the manufacturer's requirements. 



The contractor should use granular, relatively free-draining soil for retaining wall backfill TO reduce 

the potential for hydrostatic pressxs buildup. Retaining walls should be d ~ s i ~ e d  with a backdrain 

that either drains to lower ground or to a sump with a fioal-activaied  pump^ The level of this drain 

should be lower than the lowest retained earth behind the wall; the perforations in the drain pipe 

should be at least 8 inches lower than the top of any inferior slabs in front of the wall. 

,? p 7 1  Properly place and. compact all bau im as recommended in ihis report. Cobbles, if present, should be 

removed from the soils placed adjacent to walls so high-intensity point loads do not occur. Avoid 

nesting of Isrger particles because voids could form and cause subsidence ofthe backfill. 

Waterproof the exterior face of below-grade walls thai are exposed to interior living spaces to retard 

moismre penetration. It is important that all backfill be properly placed and compacted. Mechanically 



Various shoring systems are possible; their selection and design, however, is beyond the scope of our 

current evaluation. The design of a retaining system is dependent on the construction method, fre 

sequence of operations, and adjacent construction. TI ~riractor 's and designer's resporsibi" -- 
for design and construction should be clearly define~. _xposed 2 ~ s  should be kept moist 

saturated) during constniction. Traffic and surcharge loads should be a[ ^ w ;. om th 

the excavation. All excavations should be completed in accordaiice with the 1x23  scent 0SI-L-, 

requirements. 

oil Erodrbillty 
Both cut and fill slopes should be 2 to 1 (horizontal to vertical) or flatter and should be covered as 

quickly as possible with grass or other covers such as mulch, rock mulch, or jute mesh to avoid 

unnecessary soil 1osses. 



areas where sidewalks or paving do not immediately adjoin the structure, protective slopes should 

be provided with an outfall of at least 3 percent for at least 5 feet from perimeter walls. 

against footings, exterior sterr;-/vails, and in utility and sprinkler line trenches should be well 

compacted and free cf all construction debris to minimize the possibility of moisture infiltration. 

Some drainags facilities7 such as rock-lined s~vales7 ofken degrade over t i xe  and become 

inefficient or ineffective. The potential harmful effects of water infiltrating the sapporting soils 

beneath the structure must be made clear to the owners. 



Strip and remove any existing fill, vegetation, debris, loose or W E .  soil and other deleterious 

materials from the building areas and at least 5 feet beyond. The contracted ^nid reinwe a, 2 

remnants from previous construction from the proposed building areas. If pipes and other 

underground structures are not removed, they may serve as conduits for subsurface erosion resulting 

in voids and possible settlement of overlying facilities. Over-excavated areas resulting from removal 

of boulders, cobbles, underground facilities and unsuitable materials should be backfilled as 

recommended in this report. All exposed surfaces should be free of mounds and depressions that 

could prevent uniform compaction. Is areas that will receive fill, slopes steeper than 5 to 1 

(1101-1z01-1ta1 to vertical) should be benched to redux potential slippage between slopes and fills. 

Benches should be reasonably level and wide enough to allow appropriate use of compaction and 

earth-moving equipment on a level plane, 



The contractor should prepare the su grade and construct any su 

uniform water contents and densities after compaction. Place and compact at least four Lic-hes of base 

course beneath interior slabs to provide more uniform support and help prevent a damp slab. This 

four-inch thickness of base course may be included in the required amount of engineered fil l .  

Utility trenches within and beyond the building pad should be made as narrow as possible to reduce 

the potential for settlement of overlying slabs and other structures. The practice of digging wide 

trenches for the convenience of plumbers and electricians should be avoided, imless such trenches 

are carefully backfilled in lifts compacted to 95 percent of Standard Proctor Maximum Dry Density 

according TO ASTM D-698. 



43 max. I 

Asgregats bass coarse below concrete fleer slabs should conform to the following reqiiirer^en.s: 

114" 1 45 to 75 

No. 200 2 t o 1 0  

Plasticity index = 5 max. 

! and percent passing 0 should be at 
!east 5 -- 



* Fill 5 feet or more below finished g a d s  s'nouSd be coir.pactei1 to at 
east 100 percem of ASTM D-698. 

^ .Â¥ Undisturbed latural soils below foundations do not require compaction 

./-\dcl1tI011al Services 
Field observation and testing during construction, and reviewing the plans and specifications are 

integral factors in developing and implementing our conclusions and recommendations. Oir' 

involvement during construction is imponarit to obssrv-. .on-ioliance wilh the design conce 

specifications, or recommendations, a d  to allow efficient design ch-uiG '-^he s u b s ~ r f . ~ ~  

conditions differ from those anticipated. PATTISON EVANOFF ENGINEERING, L.L.C. , .hest? sei 

and is the most qualified to determine consistency of field conditions with the daia used in our 

analyses. It is the client's responsibility to make this report available, in its entirety, to all design 

team members, contractors, and owners. 

Limitations 
The services we performed for this project include professional opinions and judgments based en the 

data collected. We performed our professional services using the degree of care and skill ordinarily 

exercised, under similar circumstances, by reputable geotechnical engineers practicing in southern 

Arizona. We do not intend to provide recommendations that prevent all undesirable effects resulting 



-.; , - - - ra,-: -.-? - --,, 4 +; 2v ,> :?. +L .. -. c , x  - rT-. f , *.> 2" -7 ~-: ,?{ .? &zesTg w , 3 ~ u ~ l  ~ ~ ~ 1 , ;  c " ~ ~ ~ , , , ~ >  cdLL ~ l . ~ b  &>DL, A kJb .  iQll j,;i~ -:J;., ~ T ' ] ~ ~ ~ ~ L ' > , ~ ~ ~ ~ ~  ~ ~ ~ q . f i ~ ~ ~ ~ > ~ ? ~  ~ ~ " ~ ~ ~ ~ s  
. ~ c - ~ ., 

silz a"cz sir,- ,lljni . -T xu n .+* i~aLja; n ?, - i.ii,bouaterea a-- - at the exploratiofi locatia-~s. ex-kerii: and nati~~re of subsurface 
. ~ < .  

soil gpcndv/&-gr vari&ions may be ev ide-~ t  mtil c ~ n s t ~ c ~ ~ ~ .  If c~cai$c>: mco.a:qAxsd 
- .  
~unr.2 appear tt" to differ from those descf&sc in this re-port, we should be co~~sultsd to 

assess the impact and provide siip~le^isnial recommendations. Our evaluation and re-oorf does not 

include the effects, if any, of underlying geologic hazards or regional groundwatsr wiihdrawal and 
~. we express no opinion regadkg  their effects on surface movement. 







-3 ~^iese notes and boring logs are intended for use in cofflunctjoa with the purposes of our services 

defined in the text. Boring log data should not be construed as pan of the consmiciion plans or as 

de5ning constnicticn conditions. 

In general, terms and symbols on the boring logs conform with "Standard Wii~i t ions  of Terns 
aad ~ymbo l s  Relating to oil and Rock Mechanics" (ASTM D653 . 

dge. Lots 1-37 
- 

Ore Valley, Arizona 
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Sample Type Key Drilling E q u i p m e n t  
SS = Split Spoon 
RS = Ring Sample Mobile B-53 Drill Rig equipped \\it11 6" SSA, 
H = Hand Sample  continuous-flight auger 
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~3 = Split Spoon  
RS = Ring Sample 
H = Hand Sample  

Mobile B-53 Drill Rig equipped with 6" SSA, 
continuous-flight auger 
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Sample Type Key: 
SS = Split Spoon 
RS = Ring Sample 
H = Hand Sample 

Drilling Equipment: 

Mobile B-53 Drill Rig equipped with 6" SSA, 
continuous-flight auger 



I 
I 
I I 

I 

I I 

Sample Type Key 
SS = Split Spoon 
RS = Ring Sample 
H = Hand Sample 

Dulling Equipment' 

Mobile B-53 Drill Rig equipped with 6-518" OD x 3 114" ID hollow stem. 
continuous-flight auger 
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Sample Type Key: Drilling Equipment: 
ss = split Spoon 
RS = Ring Sample 
H = Hand Sample  

Mobile 3-53 Drill Rig equipped with 6-518" OD x 3 1/4" ID hollow stem. I, continuous-flight auger 



Mobile B-53 Drill Rig equipped with 6-518" OD x 3 1/4" ID hollow stem, 
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Oro Valley, Arizona 


