IBS Building
Geotechnical Investigation Considerations
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Geotechnical Consultant

Audience/Role:

* Owner/Developer

» Structural Engineer
 Civil Engineer

* Architect

» Contractor

* Peers

* Lawyers




Considerations

 How Many Holes to Drill?
 Building Size
 Location

* Rule of Thumb/Standard of Care:
100 foot spacing of borings




IBS Building Site Plan
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How Deep?

 Anticipated Foundation System
 Plers, Footings, P-T Slab

* Depth to Bedrock

e Column Loads:
 DL: 450 kips  Max: 900 kips




Previous CU Campus Investigations

ARAPAHOE AVE.

28TH ST

289 ﬁ/& ¢ ?
MARINE ST. D — \ 122 %\\% %
JE S PR

ATHEMS ST, 121

3
e e s s [ I s ATHLETICS @
I 0 H 104 |:| |] PRACTICE FIELD %
0

17THET.
18TH 5T.
19TH ST
20TH ST.

a
(] 115 —

Twenty Ninth Street Shopping District —je

U"= —l—— U/
R
Z GRANDVIEW AVE, @ _Boulder Crast
z
. 4!. 15° s1mlil
- 7H R =
= 12
T B H - H fas @
LINIVERSITY AVE. @Em STADILM DE.
; G es
0 Varsity Lake ”
= % o . University of Colorado at Boulder
&
SR = Main Campus
FRANKLIN | 3
FIELD 2
w
PENNSYLVANIA AVE. I8 59
J ' E
COLORADD AVE. COLORADO AVE.
== @f!. : g .
= =
z &
Datten Trumba = -
COLLEGE AVE. Fourtain Court x =L [
TIRE T s
I p@
o1 | 111 77
() f“‘ L
Al |1 12 7
I53 _ [ales o = s P =
o L]1 23

ELICLID AVE.




ing

Q
-
©
)
(e

INg an

.“%\«-ﬁ&ih AU

Dr




Drilling and Sampling

« Sampling Frequency:.
- 2,4, 9, (3samples in top 10 feet)
— 5 feet intervals thereafter

* 140 Ib hammer falling 30 inches (ASTM D1586)

 Number of hammer blows to drive sampler 1 foot or
fraction
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Laboratory Testing

CTC-GEUTEK SUMMARY OF LABORATORY TEST RESULTS

ENGINEERING TESTING INZPECTION

Project No. 282014

ATTERBERG

LIMITS S0IL DESCRIPTION

SAMPLE TYPE
DRY DENSITY
MOISTURE
% FINES
SULFATES (%)
SHEAR STRENGTH
(NOTE 2)
ADDITIONAL TEST
RESULTS ATTACHED

BORING MNO.
SAMPLE NO
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Silty Clay, and sand, trace
gravel

-
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Claystone

Sand, and silty clay, trace
gravel A-7-6(3) SC

Claystone

Claystone

Claystone

Silty Clay, and sand, trace

gravel

Claystone A-7-6(34) CL
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Laboratory Testing

Water Soluble Sulfates
ACI Specifications

Table Z.3—Requirements to protect against damage to concrate by sulfate
attack from external sources of sulfate

| Wter-soluble solu- | 5 (5040 . Y e L
Sevesity of potential : Salfate [50y) iC
'l'-{F;'ll-FlL"‘ ble sulfase (50,)" WHIEE, PR ; rmaterial regalremenis

Mo spevial require- | Mo special reqiioe-
Class 0 exposure 0,00 5o 0L10 0o 150 mmu En-riulllu: I'rll-'l'l-l'-l lnuulfut:
C lHIT Il or
Class 1 cxposure | 0.0 mnd <0.20 | > 130 and < 1500 m P
C 150 Type ¥ o
Class 2 exposure equivalen
C 150 Type ¥ plus

Seawaler eXpoaune Ses Sactom 2.4 Sea Bectson 2.4

"Gulfals expressad as 50, i mu-udt.mhnm s 5y, umummm-ﬂm—m“rmmm L]
fiolloes; S0n% . | 2 =80,%

T80T 308, Chanphier 4, inchades pequisernents for speeial exposure conditions wuc h as dech reinforeed conenole t may be e poasd
in chlorded. Fod concrete liehy n b sukjected 1 tese sxporre condinon, the maximum wim shoubl be thal spacifial @ AC)
H1E, Chagter 4, iTit is lower than that saied in Table 13,

I Ttz wiluss wre appicable o norsatee g conerete. They ane aiso applicssle 10 vnactursl lighteeight concsee cacepd thin Se
i swicer Mo 040, B4 %, and 0,40 ihould be riplaced by specified I3 day compressive sirangtha of 26, 39, ssd 13 MFe
(ITSS 150, mad 4750 pEi) repeively.

hrae Class 1 waposere, equivalents are described in Sections 125, 0.6, and 310, For Clags 2 cxipiiare, oquivelenin me de-

weribed i Sections 218, 137, and 229 For Clicd 3 exposure, poraoles asd slag recommesdation: s described i Sotoni
Y25 X2 0 amd 329




Foundation Recommendations

* Drilled Piers

— 18 foot minimum length
— 6 foot minimum bedrock penetration

* Ensure pier bottom is in zone of stable
moisture content




Pier Design Values

B-5

£l 5391

Depth Inte Bedrock End Bearing Pressure Compressive Side Shear
(Feet) (PSF) (PSF)

0-6 35,000 2,500

35,000 4,000

30,000 5,000




Pier Design Values

 Minimum Pier Diameter

 L/D Ratio

* Design Pressure Reductions (Group
Action)




b. Analytical Model
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Seismic Survey

2006 IBC
(2004 Denver Amendment)

TABLE 1613.5.2
SITE CLASS DEFINITIONS

.MI'EHhE-E PROPERTIES IN TOF 100 feat, SEE SEL‘TIUH 181355
SITE S0IL PROFILE TR T T
_EI.AEE | HAME Soll shear wave velocity, v |, (ft's) El.mdard panatration tumunr;u..l"." Soil undrulnld Ihur mngth. 5 ip:ﬂ
A Hard rock v, > 5,000 N/A N/A
B -+ _ Rock 2,500 <7, £ 5.000 : NiA N/A
_ : B
c | ‘l.-"v:nr dense soil and soft 1,200 <7, < 2,500 7 >50 7. 22,000
rock |
D [ Suff soil profile B0 <v, <1,200 I15<N< 50 1,000 < 5, < 2,000 '
E | Soft soil profile v, < 600 N<l§ 5, < 1,000

For SI:

| foor = 304.8 mm, | square foot = 0.0929 m?,

Any profile with more than 10 feet of soil having the following characteristics:
I. Plasticity index P7 = 20,
2. Moisture content w 2 40%, and
3. Undrained shear strength 5 < 500 psf

Any profile containing soils having one or more of the following characteristics:

|. Snils vulnzrable to potential failure or collapse under seismic loading such as liquefiable
soils, quick and highly sensitive clays, collapsible weakly cemented soils,

g ]

. Preats awmbfor highly vrganic clays (4 = 10 [eel of peat ambior highly erganic clay wheic |
H = thickness of s0il)

3. Very high plasticity clays (ff =23 feet with plasticity index Pf =73)
4. YWery thick soft'medium suff clays (H = 120 feer)

| pound per square fool = 00479 kPa. S/A = Not applicable




Seismic Survey

Test Schematic
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Seismic Survey
100 foot long lines, 100 foot deep analysis




Seismic Survey

Field Investigation




Seismic Surve

Shear-Wave Velocity, fi/s

500 1000 1500 2000 2500

3000

.

5100 = 1808 ftis | |

Depth, ft

15th and Grandview - Line 1: Vs Profile




| ateral Earth Pressure

| Unlt Sobl Unit Wt of Equivalent
Classiflcation or | Welght, ¥ . [l _ It
Cansistens ¥ | (15 ea. )

Caarse sand or
sand and graval

Compact
Firm
Loose

 Foundation Walls - r—

Firm
Looas

Fine, silty sand
or sandy ik

. Retaining Walls —

ailt

Clay-silt | Medium
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Structural Plan Specifications

SECTION 2 - FOUNDATIONS

1. DESIGN CRITERIA:

1A, THE GEQTECHNICAL REPORT PREPARED BY CTC-GEOTEK, INC, NUMBER, 282014, DATED MAY 12,
2008, PROVIDED CRITERLA FOR THE FOUMDATION DESIGN FOR THE PROJECT.

2. DRILLED PIERS:
24, PIER CAPACITY CRITERIA:
- MAXIMUM END BEARING PRESSURE (0-16 FEET OF PEN) = 35,000 PSF
MAXIMUM END BEARING PRESSURE (OVER 16 FEET OF PEN) = 50,000 PSF
- MAXIMUM SIDE SHEAR FOR LENGTH OF PENETRATION INTO BEDROCK FOR GRAVITY LOADS:
{0-& FEET OF PEN) = 2,800 PSF
{6-16 FEET OF PEN) = 4,000 PSF
{OVER 16 FEET OF PEN) = 5,000 PSF
- MAXIMUM SIDE SHEAR FOR LENGTH OF PENETRATION INTO BEDROCK FOR UPLIFT LOADS:
(0-8 FEET OF PEN) = 1,500 PSF
{6-16 FEET OF PEN) = 2,400 PSF
{OVER 16 FEET OF PEN) = 3,000 PSF
MINIMUM DEAD LOAD END BEARING PRESSURE MAINTAINED = 20,000 PSF
- WHERE MINIMUM DEAD LOAD PRESSURES WERE NOT OBTAINED, PIER LENGTHS WERE EXTENDED
BEYOND THE MINIMUM PENETRATION USING 60 PERCENT OF THE SIDE SHEAR TO MAKE UP THE DEAD
LOAD DEFICIT.
SEE ‘DRILLED PIERS TABLE',

3. EQUNDATION WALLS:
A4 EQUIVALENT FLUID PRESSURES USED FOR WALL DESIGN:
- AT REST" COMDITION = 60 PCF

“FASSIVE" CONDITION = 280 PCF

LATERAL PRESSURE DUE TO SURCHARGE = 100 PSF

28. WALL DESIGN BASED ON ON-SITE BACKFILL ADJACENT TO FOUNDATION WALLS. SEE
GEOQOTECHMICAL REPORT FOR REQUIREMENTS.

4. RETAINING WALLS:
44. EQUIVALENT FLUID PRESSURES USED FOR WALL DESIGN;

CACTIVE™ COMDITION = 45 PCF
“FPASSIVE" CONDITION = 280 PCF
LATERAL PRESSURE DUE TO SURCHARGE = 100 PSF
MAXIMUM FOOTING TOTAL LOAD S0OIL BEARING PRESSURE = 2,500 PSF
= ULTIMATE COEFFICIENT OF FRICTION USED IN DESIGM TO RESIST LATERAL LOADS = 0,50,

4B. WALL DESIGN BASED OM ON-SITE BACKFILL ADJACENT TO FOUNDATION WALLS. SEE
GEOTECHMNICAL REPORT FOR REQUIREMENTS,

5. ¥OID FORM:
5A. ALL GRADE BEAMS, TIE BEAMS, PIER CAPS, SHALL BE CONSTRUCTED OVER A 4 INCH HIGH VOID.




Concluding Remarks

QUESTIONS?

.




