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DIVISION OF HIGHWAYS
GEOTECHNICAL UNIT

SUBSURFACE INVESTIGATION

SOIL AND ROCK LEGEND, TERMS, SYMBOLS, AND ABBREVIATIONS

GRADATION ROCK DESCRIPTION
"WELL GRADED- INDICATES A GODD REPRESENTATION OF PARTICLE SIZES FROM FINE TO COARSE HARD ROCK 15 NON-COASTAL PLAIN MATERIAL THAT WHEN TESTED, WOULD YIELD SPT REFUSAL. AN INFERRED
UNIFGRM- INDICATES THAT SOIL PARTICLES ARE ALL APPROXIMATELY THE SAME SIZE, (ALSO ROCK LINE INDICATES THE LEVEL AT WHICH NON-COASTAL PLAIN MATERIAL WOULD YIELD SPT REFUSAL.
POORLY GRADED) SPT REFUSAL 1S PENETRATION BY A SPLIT SPOON SAMPLER EQUAL TO OR LESS THAN 8.1 FOOT PER 63 BLOWS.
_GAP-GRADED- INDICATES A MIXTURE OF UNIFORM PARTICLES OF TWO OR MORE SIZES. IN NON-COASTAL PLAIN MATERIAL, THE TRANSITION BETWEEN SOIL AND ROCK IS OFTEN REPRESENTED 8Y A ZONE

OF WEATHERED ROCK.
ANGULARITY OF GRAINS ROCK MATERIALS ARE TYPICALLY DIVIDED AS FOLOWS:

SOIL _DESCRIPTIGON

SOIL IS CONSIDERED TO BE THE UNCONSOLIDATED, SEMI-CONSOLIDATED OR WEATHERED EARTH MATERIALS
WHICH CAN BE PENETRATED WITH & CONTINUOUS FLIGHT POWER AUGER, AND WHICH YIELDS LESS THAN
190 BLOWS PER FOOT ACCORDING TO STANDARD PENETRATION TEST (AASHTG 1206, ASTM 0-1586). SOIL
CLASSIFICATION IS BASED ON THE AASHTO SYSTEM AND BASIC DESCRIPTIONS GENERALLY SHALL INCLUDE:
CONSISTENCY, COLOR, TEXTURE, MOISTURE, AASHTO CLASSIFICATION, AND OTHER PERTINENT FACTORS SUCH
AS MINERALOGICAL COMPOSITION, ANGULARITY, STRUCTURE, PLASTICITY, ETC, EXAMPLE:

TERMS _AND_DEF INITIONS
ALLUVIUM (ALLUV,) - SOILS WHICH HAVE BEEN TRANSPORTED BY WATER.
AQUIFER - A WATER BEARING FORMATION OR STRATA.
ARENACEQUS - APPLIED TO ROCKS THAT HAVE BEEN DERIVED FROM SAND OR THAT CONTAIN SAND.
ARGILLACEQUS - APPLIED TO ALL ROCKS OR SUBSTANCES COMPOSED OF CLAY MINERALS,

THE ANGULARITY OR ROUNDNESS OF SOIL GRAINS ARE DESIGNATED BY THE TERMS; ANGULAR,
VERY STIFF, Ghar SUTY CUA. IS ITH ITERBEDOED FIE SAID LAYERS, HGAY PUTE, K75 SUBANGULAR, SUBROUNDED, OR ROUNDED. ———t WEATHERED % NON-COASTAL PLAIN MATERIAL THAT YIELDS SPT N VALUES > 100 BLOWS OR HAVING A NOTABLE PROPORTION OF CLAY IN THEIR COMPOSITION, AS SHALE, SLATE, ETC.
ROCK (WR) 2 PER FOOT. ARTESIAN - GROUND WATER THAT IS UNDER SUFFICIENT PRESSURE TO RISE ABOVE THE LEVEL
SOIL LEGEND AND AASHTO CLASSIFICATION MINERALOGICAL COMPQOSITION e FIRE 0 COARSE GRAIN TGNEOUS AND- METAMORPHIC ROCK THAT AT WHICH IS IS ENCOUNTERED, BUT WHICH DOES NOT NECESSARILY RISE TO OR ABOVE THE
GENERAL GRANULAR MATERIALS SILT-CLAY MATERIALS ORGANIC MATERIALS MINERAL NAMES SUCH AS QUARTZ, FELDSPAR, MICA, TALC, KAOLIN, ETC. ARE USED IN DESCRIPTIONS ROCK ?C‘@;L)INE WOULD YIELD SPT REFUSAL IF TESTED, ROCK TYPE INCLUDES GRANITE, GROUND SURFACE.
CLASS, (957 PASSING =200 (385% PASSING *200) WHENEVER THEY ARE CONSIDERED OF SIGNIFICANCE. GNEISS, GABBRO, SCHIST, ETC. CALCAREOUS (CALCJ - SOILS WHICH CONTAIN APPRECIABLE AMOUNTS OF CALCIUM CARBONATE.
FINE TO COARSE GRAIN METAMORPHIC AND NON-COASTAL PLAIN
GROUP A3 ] a-2 a-4 [a-5[a-6] A7 COMPRESSIBILITY gggl—(CF(iJg%ALLINE SEDIMENTARY ROCK THAT WOULD YEILD SPT REFUSAL IF TESTED. RocK Type | COLLUVIUM - ROCK FRAGMENTS MIXED WITH SOIL DEPOSITED BY GRAVITY ON SLOPE OR AT BOTTOM
CLASS. A-2-4]6-2-5A re SLIGHTLY COMPRESSIBLE LIGUID LIMIT LESS THAN 38 - . INCLUDES PHYLL;TE, s;A;E, SANDSTONE, ETC, OF SLOPE.
N MODERATELY COMPRESSIBLE LIQUID LIMIT 31-58 ASTAL PLAIN COASTAL PLAIN SEDIMENTS CEMENTED INTO ROCK, BUT MAY NOT YIELD R
SYMBOL HIGHLY COMPRESSIBLE LIOUID LIMIT GREATER THAN 50 SEDIMENTARY ROCK T T sPT REFUSAL. ROCK TYPE INCLUDES LIMESTONE, SANDSTONE, CEMENTED CORE_RECOVERY (REC. - TOTAL LENGTH OF ALL WATERIAL RECOVERED IN THE CORE BARREL DIVIOED BY TOTAL
s T SHELL BEDS.ETC LENGTH OF CORE RUN AND EXPRESSED AS A PERCENTAGE,
’ T I a .
“ ials;,ms SILT- " PERCENTAGE OF MATERIAL WEATHERING DIKE - A TABULAR BODY OF IGNEOUS ROCK THAT CUTS ACROSS THE STRUCTURE OF ADJACENT
GRANULAR ¢y oy ek, QRGANIC MATERIAL GRANULAR  SILT- CLAY ROCKS OR CUTS MASSIVE ROCK,
* 40 SOILS PEAT SoiLS SOILS QTHER MATERIAL :
* 200 ho Mx |35 Mxi35 M35 MxB5 MX35 N[ MNI36 MNIBE MN SOILS TRACE OF ORGANIC MATTER 2.3 3-8y TRACE |- FRESH ROCK FRESH, CRYSTALXS SRIGHT- FEW JOINTS MAY SHOW SLIGHT STAINING.ROCK RINGS UNDER DIP - THE ANGLE AT WHICH A STRATUM OR ANY PLANAR FEATURE IS INCLINED FROM THE
g g - 1oz HAMMER IF CRYSTALLINE. HoR:
LITTLE ORGANIC MATTER 3- 8% 5 - 12% LITTLE 18 - 20% HORIZONTAL.
LIOUID LIMIT 40 MX|4L MN 140 MX41 MN 140 MXJ41 MN 48 MYALMN | gop o wiTH MODERATELY ORGANIC § - 1% 12 - 20 SOME 20 - 357 VERY SLIGHT ROCK GENERALLY FRESH, JOINTS STAINED, SOME JOINTS MAY SHOW THIN CLAY COATINGS IF OPEN, DIP_DIRECTION (DIP AZIMUTH) - THE DIRECTION OR BEARING OF THE HORIZONTAL TRACE OF
PLASTIC INDEX | 6 MX | NP, [ig Mx[19 Mxiti MN it MN 1@ MX 10 Mx(ss My Ji1 MN LITTLE OR gy | HIGHLY ORGANIC 10% 528Y, HIGHLY 35% AND ABQVE (V. SLL) g???&ig%ﬁ; Sgo:f;lu::ecmew FACE SHINE BRIGHTLY.ROCK RINGS UNDER HAMMER BLOWS IF THE LINE OF OIP, MEASURED CLOCKWISE FROM NORTH,
GROUP INDEX [] 2 [} 4 MX 18 MX |12 MX|16 MX|No Mx| ~ MODERATE y .
° AMOUNTS OF ggﬁf‘g‘ c GROUND WATER SLIGHT ROCK GENERALLY FRESH, JOINTS STAINED AND DISCOLORATION EXTENDS INTO ROCK UP TO %?[lf‘g"g RECA';?VAEC TTU: Eo,?g :,TST‘:JE“,? Epfé’?i?f orNoG %?C?R;SESSEHAS BEEN DISFLACENENT OF Tre
USUAL TYPES|STONE FRAGS.|_ o | oy Ty QR CLAYEY | SILTY | CLAYEY ORGANIC pVA WATER LEVEL IN BORE HOLE IMMEOGIATELY AFTER DRILLING. (SLL) 1 INCH. OPEN JOINTS MAY CONTAIN CLAY, IN GRANITOID ROCKS SOME OCCASIONAL FELDSPAR ’
af:rg;ifﬁs GRA;EI:JDAND SAND| GRAVEL.AND SAND | SOILS | sons MATTER v arATIE WATER LEVEL AFTER HOLRS CRYSTALS ARE DULL AND DISCOLORED. CRYSTALLINE ROCKS RING UNDER HAMMER BLOWS. FISSILE - A PROPERTY OF SPLITTING ALONG CLOSELY SPACED PARALLEL PLANES.
Wi 24 .
N RAT’;NG MODERATE ~ SIGNIFICANT PORTIONS OF ROCK SHOW DISCOLORATION AND WEATHERING EFFECTS. IN FLOAT - ROCK FRAGMENTS ON SURFACE NEAR THEIR ORIGINAL POSITION AND DISLOUGED FROM
y FAIR TO A4 HED WATER, SATURATED ZONE OR WATER BEARING STRATA (MOD.) GRANITOID ROCKS, MOST FELDSPARS ARE DULL AND DISCOLORED, SOME SHOW CLAY. ROCK HAS PARENT MATERIAL.
As A EXCELLENT TC GOOD FAIR TO POOR POOR POOR [ UNSUITABLE PERCHED - S B DULL SOUND UNDER HAMMER BLOWS AND SHOWS SIGNIFICANT LOSS OF STRENGTH AS COMPARED
SUBGRADE O_,U.m_ SPRING R SEEPAGE WITH FRESH ROCK. FLOOD PLAIN (F.P.) - LAND BORDERING A STREAM, BUILT OF SEDIMENTS DEPOSITED BY
- T30 - 7 N THE STREAM.
P.L OF A-7-5 = L.L.- 30 :PLOF A-7-6 >L.L.- 30 MODERATELY ALL ROCK EXCEPT QUARTZ DISCOLORED OR STAINED. IN GRANITOID ROCKS, ALL FELOSPARS DULL
CONSISTENCY OR DENSENESS MISCELLANEQUS SYMBOLS SEVERE AND DISCOLORED AND A MAJORITY SHOW KAOLINIZATION, ROCK SHOWS SEVERE LOSS OF STRENGTH FORMATION (FM.) - A MAPPABLE GEOLOGIC UNIT THAT CAN BE RECOGNIZED AND TRACED IN
COMPACTNESS OR RANGE OF STANDARD RANGE QF UNCONFINED ST CPT (MOD. SEV.)  AND CAN BE EXCAVATED WITH A GEOLOGIST'S PICK, ROCK GIVES ‘CLUNK® SOUND WHEN STRUCK. THE FIELD.
PRIMARY SOIL TYPE EONSISTENCY PENETRA'(HOE RESISTENCE CUMPRE?ngEFgﬂsNGTH 3?_?3“5%&5';?52?;';‘5%'\] ng w1 TEST BORING SAMPLE IF_TESTED, WOULD YIELD SPT REFUSAL JOINT - FRACTURE IN ROCK ALONG WHICH NO APPRECIABLE MOVEMENT HAS OCCURRED.
N-VALUE) DESIGNATIONS SEVERE ALL ROCKS EXCEPT QUARTZ DISCOLORED OR STAINED.ROCK FABRIC CLEAR AND EVIDENT BUT REDUCED| coc- & SHELF-LIKE RIOGE OR PROJECTION CF ROCK WHOSE THICKNESS IS SMALL COMPARED TO
VERY LOOSE < GER BORIN (SEV) IN STRENGTH TO STRONG SOIL, IN GRANITOID ROCKS ALL FELDSPARS ARE KACLINIZED TO SOME A SHELF-L1 L
GENERALLY SOIL SYMBOL AUGER BORING S- BULK SAMPLE 1TS LATERAL EXTENT,
GRANULAR LOOSE 470 18 EXTENT. SOME FRAGMENTS OF STRONG ROCK USUALLY REMAIN, .
MATERIAL MEgéL:gEDENSE 18 10 38 N/A ARTIFICIAL FILL OTHER THAN ] CORE BORING §5- SPLIT SPOON IF_TESTED, YIELDS SPT N VALUES > 108 BPE LENS - A BODY OF SOIL OR ROCK THAT THINS OUT IN ONE OR MORE DIRECTIONS.
MRI-LIHESTVE) VERY DENSE 32 :ga50 ROADWAY EMBANKMENTS -Q_ SAMPLE VERY SEVERE ALL ROCK EXCEPT QUARTZ DISCOLORED OR STAINED. ROCK FABRIC ELEMENTS ARE DISCERNIBLE BUT MOTTLED (MOT.) - IRREGULARLY MARKED WITH SPOTS OF DIFFERENT COLORS, MOTTLING IN
. FeFFEn SOIL EVNARILS ST- SHELBY TUBE . SEV) THE MASS 15 EFFECTIVELY REDUCED TO SOIL STATUS, WITH ONLY FRAGMENTS OF STRONG ROCK SOILS USUALLY INDICATES POOR AERATION AND LACK OF GOOD DRAINAGE.
VERY SOFT 3 @05 - ERFED SONL kS ‘»*‘O MONITORING WELL SAMPLE REMAINING, SAPROLITE 1S AN EXAMPLE OF ROCK WEATHERED TO A DEGREE SUCH THAT ONLY MINOR |PERCHED WATER - WATER MAINTAINED ABOVE THE NORMAL GROUND WATER LEVEL BY THE PRESENCE OF AN
GENERALLY SOFT 2 70 4 9.25 10 0.5 SE e INFLRFED EAK LINE RS- ROCK SAMPLE VESTIGES OF THE ORIGINAL ROCK FABRIC REMAIN, IF TESTED, YIELDS SPT N VALUES < 18 BPF INTERVENING IMPERVIOUS STRATUM.
. == e METER
i%TTEF[:l‘;T.Y ME'E???F STFE :3 13 185 0‘5‘ T;)oxz A Yr]xg?\LLagmN RT- RECOMPACTED COMPLETE ROCK REQUCED TO SOIL., ROCK FABRIC NOT DISCERNIBLE, OR ODISCERNIBLE ONLY IN SMALL AND RESIDUAL SOIL - SOIL FORMED IN PLACE BY THE WEATHERING OF ROCK,
Ry S ) L BVNINARY -
(LIHESTVE) VERY STIFF 15 70 39 2710 4 Tret fudib S B SLOPE INDICATOR TRIAXIAL SAMPLE ZC:gTiSngzﬂﬁﬁéNmNmNS' QUARTZ MAY BE PRESENT AS DIKES OR STRINGERS. SAPROLITE IS ROCK QUALITY DESIGNATION (R.0.D) - & MEASURE OF ROCK OUALITY DESCRIBED BY: TOTAL LENGTH OF
HARD >30 >4 25/825 0IP/0IP DIRECTION OF O INSTALLATION CBR - CBR SAMPLE L . ROCK SEGMENTS EQUAL TG OR GREATER THAN 4 INCHES DIVIDED BY THE TOTAL LENGTH OF CORE RUN AND
TEXTURE OR GRAIN SIZE f—P ROCK STRUCTURES - ROCK HARDNESS EXPRESSED AS A PERCENTAGE,
(O~ SPT N-VALUE
VERY HARD  CANNOT BE SCRATCHED BY KNIFE OR SHARP PICK. BREAKING OF HAND SPECIMENS REQUIRES SAPROLITE (SAPJ - RESIDUAL SOIL WHICH RETAINS THE RELIC STRUCTURE OR FABRIC OF THE
U.S, STD. SIEVE SIZE < 12 49 €2 229 279 @ - SOUNDING ROD SPT REFUSAL SEVERAL HARD BLOWS OF THE GEOLOGISTS PICK. PARENT ROCK.
OPENING (MM) 76 28 A2 ANE 3978 0.053 SILL - AN INTRUSIVE BODY OF IGNEQOUS ROCK OF APPROXIMATELY UNIFORM THICKNESS AND
- ABBREVIATIONS HARD ETDSNDg%ﬁgﬁﬂf‘lﬁgﬁgp%:gg'i OR PICK ONLY WITH DIFFICULTY. HARD HAMMER BLOWS REQUIRED RELATIVELY THIN COMPARED WITH ITS LATERAL EXTENT, WHICH HAS BEEN EMPLACED PARALLEL
ETILNER LIEELE SR VEL LaeRae Flre ; - TO THE BEDDING OR SCHISTOSITY OF THE INTRUDED ROCKS
ELAF.) LE) R S#NN SeNn ‘(’ItT, ‘;ff‘; AR - AUGER REFUSAL PMT - PRESSUREMETER TEST MODERATELY CAN BE SCRATCHED BY KNIFE OR PICK. GOUGES OR GROOVES TO .25 INCHES DEEP CAN BE TED SURF S FR T
. . (U1 0% Y 1 Y Dhaad . - p N - A
fest. 3N {E. 3N BT - BORING TERMINATED REF. - SPT REFUSAL HARD EXCAVATED BY HARD BLOW OF A GEOLOGISTS PICK. HAND SPECIMENS CAN BE DETACHED SLI&“ENSKDE POLISHED AND STRIATED SURFACE THAT RESULTS FROM FRICTION ALONG A FAULT OR
SEAIM MM R7E 7% 2.0 2.2¢ .05 2.005 Ct. - CLAY §D.~ SAND, SANTDY 8Y MODERATE BLOWS. SLIP PLANE.
8 . . - .- ) Y -
sl7e I 12 2 CPT ~ CONE PENETRATION TEST sL: —SétITmeILY MEDIUM CAN BE GROGVED OR GOUGED 8.5 INCHES DEEP BY FIRM PRESSURE OF KNIFE OR PICK POINT. STANDARD PENETRATION TEST (PENETRATION RESISTANCE) (SPT) - NUMBER OF BLOWS (N OR B.P.F.) OF
CSE. - COARSE L1 L HARD CAN BE EXCAVATED IN SMALL CHIPS TO PEICES 1 INCH MAXIMUM SIZE BY HARD BLOWS OF THE A 140 LB. HAMMER FALLING 3@ INCHES REQUIRED TQ PRODUCE A PENETRATION OF 1 FOOT INTQ SOIL WITH
SOIL MOISTURE - CORRELATION OF TERMS DMT - DILATOMETER TEST TCR - TRICONE REFUSAL POINT OF A GEGLOGISTS PICK A 2 INCH OUTSIDE DIAMETER SPLIT SPOON SAMPLER. SPT REFUSAL IS LESS THAN 8.1 FOOT PENETRATION
SOIL MOISTURE SCALE FIELD MOISTURE DPT. - DYNAMIC PENETRATION TEST 77 - UNIT WEIGHT . WITH 6@ BLOWS.
(ATTERBERG LIMITS) DESCRIPTION GUIDE FOR FIELD MOISTURE DESCRIPTION e - VOID RATIO N T SOFT CAN BE GROVED OR GOUGED READILY BY KNIFE OR PICK. CAN BE EXCAVATED IN FRAGMENTS
F.- FINE 74 - DRY UNIT WEIGH FROM CHIPS TO SEVERAL INCHES IN SIZE BY MODERATE BLOWS OF A PICK POINT. SMALL, THIN STRATA CORE_RECOVERY (SREC. - TOTAL LENGTH OF STRATA MATERIAL RECOVERED DIVIDED BY TOTAL LENGTH
— SATURATED - USUALLY. LIGUID; VERY WET, USUALLY FOSS. - FOSSILIFERQUS W - MOISTURE CONTENT PIECES CAN BE BROKEN BY FINGER PRESSURE. OF STRATUM AND EXPRESSED AS A PERCENTAGE.
) FROM BELOW THE GROUND WATER TABLE FRAC. - FRACTURED V. - VERY VERY CAN BE CARVED WITH KNIFE. CAN BE EXCAVATED READILY WITH POINT OF PICK. PIECES 1 INCH STRATA ROCK QUALITY DESIONATION 6004 7 L 1o o SREATH DESCRIBED o
L | LIoUID LIMIT ;ggcs- - FRAGMENTS VST - VANE SHEAR TEST SOFT OR MORE IN THICKNESS CAN BE BROKEN BY FINGER PRESSURE. CAN BE SCRATCHED READILY BY o LENoTh OF §?§§T§E§ﬁ§"§més§% A e OR GREATER THAN 4 INCHES DIVIDED BY THE
PLASTIC . - ‘MEDIUM FINGERNAIL. :
B } SEMISOLID; REQUIRES DRYING TO - 7 N AN
R?F[‘;()?E WET - (W) ATTAIN OPTIMUM MOISTURE EQUIPMENT USED ON SUBJECT PROJECT FRACTURE SPACING BEDDING TOPSOIL (T.S,) - SURFACE SOILS USUALLY CONTAINING ORGANIC MATTER.
PL PLASTIC LIMIT TERM THICKNESS
) HAMMER TYPE: TERM SPACING :
DRILL uNITS: ADVANCING TOOLS: VERY WIDE MORE THAN 10 FEET VERY THICKLY BEDDED > 4 FEET BENCH MARK
oM_L OPTIMUM MOISTURE - MOIST - M) SOLID; AT OR NEAR OPTIMUM MOISTURE D P D AUTOMATIC & MANUAL VIDE 310 10 FEET THICKLY BEDDED 15 - 4 FEET
O e o
REGUIRES ADDITIONAL WATER TO [] & coninuous FLioHT AuGER CORE SIZE: CLOSE 016 TO 1 FEET 03 - 2 NOTES:
- DRY - @ A [ ea = VERY CLOSE LESS THAN B.16 FEET THICKLY LAMINATED 2,008 - 2.03 FEET :
TTAIN OPTIMUM MOISTURE < & HOLLOW AUGERS D_e THINLY LAMINATED < 0.008 FEET
PLASTICITY [ ceess [ wero Faced FinceR arts o INDURAT ION
PLASTICITY INDEX (PD) DRY STRENGTH 0] FOR SEDIMENTARY ROCKS, INDURATION IS THE HARDENING OF THE MATERIAL BY CEMENTING, HEAT, PRESSURE, ETC.
TUNG.-CARBIDE INSERTS
NONPLASTIC 25 VERY LOW Xl cve-sse R FRIGBLE RUBBING WITH FINGER FREES NUMEROUS GRAINS;
LOW PLASTICITY 6-15 SLIGHT ] crsine [ w/ aovancer GENTLE BLOW BY HAMMER DISINTEGRATES SAMPLE.
MED, PLASTICITY 16-25 MEDIUM HAND TOOLS:
HIGH PLASTICITY 26 OR MORE VHGH D PORTABLE HOIST [:] TRICONE 3 *STEEL TEETH D POST HOLE DIGGER MOOERATELY INDURATED GRAINS CAN BE SEPARATED FROM SAMPLE WITH STEEL PROBE:
BREAKS EASILY WHEN HIT WITH HAMMER.
COLOR [ wicae * TUNG.-CARB. D HAND AUGER
[ ther. = (] sowoims Ao INDURATED GRAINS ARE DIFFICULT TO SEPARATE WITH STEEL PROBE;
DESCRIPTIONS MAY INCLUDE COLOR OR COLOR COMBINATIONS (TAN, RED, YEL-BRN, BLUE-GRAY) X core eit C] vene sveen test DIFFICULT TO BREAK WITH HAMMER,
MODIFIERS SUCH AS LIGHT, DARK, STREAKED, ETC. ARE USED TO DESCRIBE APPEARANCE. D NTHek D OTHER D ATHeE EXTREMELY INDURATED SHARP HAMMER BLOWS REOUIRED TO BREAK SAMPLE;
et SAMPLE BREAKS ACROSS GRAINS.
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April 11,2007

Mr. Kevin Austin, P.E.
Mulkey Engineers and Consultants

6750 Tryon Road
Cary, NC 27511
Re: Geotechnical Subsurface Exploration Report
Project ID.: R-4906
County: Person County
Description: Bridge No. 59 on SR 1322 over Story’s Creek

Tierra Inc. Proj. No.: 6211-07-005
Dear Mr. Austin:

As authorized, Tierra, Inc. (Tierra) has completed the geotechnical subsurface exploration for
Bridge No. 59 on SR 1322 over Story’s Creek in Person County, North Carolina. Our
investigation was performed in general accordance with our proposal number TR-07-007, dated
January 19, 2007. The purpose of this report is to present subsurface conditions and foundation
design recommendations for the planned structure. Field and laboratory test results, site and
boring location plans, and profiles depicting subsurface conditions may be found in this report.

PROJECT DESCRIPTION

According to the Bridge Survey and Hydraulic Design Report dated April 17, 2006, the referenced
project intends to replace the existing steel pile supported bridge spanning Story’s Creek. The
proposed replacement structure is to consist of a three span, four bent bridge and will be
approximately 175 feet long. The structure is planned to be located between Station 14+53 and
Station 16+28, and have a skew angle of 60°. Information provided by Mulkey Engineers and
Consultants indicates that the caps will be at elevations of approximately 384 to 385 feet and the
finished grade of the structure at or near existing grade. Bridge embankments will be reconstructed
with Class II Rip Rap. A 100 year design scour elevation of approximately 358 feet was indicated
on the Bridge Survey and Hydraulic Design Report. However, geotechnical design scour
elevations, for our analysis, were assumed to be at elevations of 368.5 to 369.5 feet, which
represent the point at which weathered rock is first encountered.

If any of the above information is incorrect or has changed, please inform Tierra so that we may
amend the recommendations presented in this report if appropriate.

SITE DESCRIPTION/GEOLOGY

The project site is located along SR 1322 in a rural area, approximately 5 miles outside the city
limits of Roxboro, North Carolina in Person County. Story’s Creek flows to the north beneath

2736 Rowland Road * Raleigh, North Carolina 27615
Phone (919) 871-0800 = Fax (919) 871-0803

SR 1322 into Hyco River, approximately 3.5 miles downstream. A small tributary/drainage ditch
flows into Story’s Creek approximately 25 to 30 feet upstream of the existing bridge.

Topographically, the site is rolling, ascending in elevation rapidly past the floodplain boundaries.
Story’s Creek is approximately 15 to 20 feet wide and 1 foot deep during our investigation. The
existing floodplain is approximately 700 feet wide. Floodplain cover consists of shrubs, and
moderate to old growth trees.

The project site is located in the Piedmont Physiographic Province of North Carolina, near of
Roxboro, North Carolina. The Geologic Map of North Carolina (1985) indicates the bridge site is
located within the Milton Belt. Specifically the site is within the Biotite Gneiss and Schist
Formation (€Zbg). Rocks of this formation are Late Proterozoic to Cambrian in age and contain
biotite gneiss interlayered with calc-silicate rock, mica schist and amphibolite. The rocks
encountered at the site consist of amphibolite gneiss. Outcropping of rock was observed northwest
of the project limits, but was not measured during our exploration.

FIELD EVALUATION PROCEDURE

The subsurface exploration consisted of performing six (6) soil test borings along the proposed end
and interior bent lines. Boring EB2B was originally planned to be drilled at interior bent 2,
however, due to overhead utilities, had to be offset to the end bent. Borings were performed with a
CME 550 All Terrain Vehicle (ATV) with a manual hammer. Standard Penetration Tests (SPT)
and soil sampling were performed in general accordance with American Association of State
Highway Transportation Officials (AASHTO T-206-87). Rock coring was performed in
accordance with (AASHTO T-225-83 (2000)) procedure utilizing a 2.0-inch diameter NQ size
core barrel.

Groundwater measurement readings were taken within each borehole with a weighted 100-foot
measuring tape from a reference location at the top of each boring. Readings were recorded
immediately after boring termination and after a 24-hour waiting period. Each borehole elevation
was estimated based on topographic contour maps provided by Mulkey Engineers and Consultants.

In addition to our subsurface investigation, a visual scour evaluation was performed along the
channel and banks of Story’s Creek and is included in the Appendix of this report.

SUBSURFACE AND GROUNDWATER CONDITIONS

Subsurface soils penetrated beneath the site consist of roadway embankment soil underlain by
alluvial deposits, followed by weathered rock and crystalline rock.

End Bents

Soils beneath End Bents No.1 and 2 consist of roadway embankment and alluvial deposits.
Roadway embankment soils were encountered at the ground surface and consist of approximately
6 to 10 feet of medium stiff sandy/clayey silt and silty clay (A-4, A-5, A-7-5). Alluvial deposits
were encountered below the roadway embankment and extended to an elevation of approximately
370 to 371 feet. These soils consist of loose to medium dense sand and silty/clayey sand (A-1-b,
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A-2-4, A-2-6), and soft to medium stiff sandysilty clay and clayey silt (A-4, A-6). Amphibolite
weathered rock was encountered below the alluvial deposits and underlain by amphibolite gneiss
crystalline rock at elevations of approximately 366 to 363 feet.

Interior Bents

Soils beneath Interior Bents No. 1 and 2 consist of alluvial deposits. Alluvial deposits were
encountered at ground surface and extended to elevations ranging from approximately 369 to 371

feet. These soils consist of very loose to very dense sandy gravel and sand (A-1-a, A-1-b) and

very soft to medium stiff sandy silt (A-4). Amphibolite weathered rock was encountered below
the alluvial deposits and underlain by crystalline amphibolite gneiss rock at elevations of
approximately 367 to 368 feet.

Groundwater across the site ranged in elevation between approximately 375 and 380 feet.
Standing water below the bridge, at the time of our investigation, was approximately 1.0 foot deep.

LABORATORY TESTING

Representative split-spoon samples were selected from soil test borings to verify visual field
classifications and determine soil index properties. A total of six (6) samples were analyzed in our
laboratory for natural moisture determination, Atterberg limits, and grain size analysis. In
addition, representative channel and bank bulk samples were analyzed for grain size distribution.
Two rock core samples were tested for compressive strength testing. All testing was performed in
accordance with the following American Society for Testing and Materials (ASTM), (NCDOT)
Modified and/or (AASHTO) procedures:

AASHTO T-88-00 (As Modified) “Particle Size Analysis of Soil”

AASHTO T-89-902(As Modified) “Determining the Liquid Limits of Soil”
AASHTO T-90-00 “Determining the Plastic Limit and Plasticity of Soils”
AASHTO T-265-93 “Laboratory Determination of Moisture Content of Soils”
ASTM D 2938-95 “Unconfined Compressive Strength of Intact Rock Core”
ASTM D 3148-02 “Elastic Moduli of Intact Rock Core in Uniaxial Compression”

The results of the laboratory testing indicate that the site soils tested ranged from gravel and silty
sand (A-1-a and A-2-4) to clayey silt and silty clay (A-4, A-6 and A-7-5).

CONCLUSIONS

The results of our subsurface investigation indicate that the subsurface conditions consist
predominately of alluvial soils of very loose to dense sandy gravel/sand, and very soft to medium
stiff clays and silts, underlain by weathered rock and crystalline rock. Weathered rock was
encountered at elevations of approximately 370 to 371 feet (depths of 6 to 18 feet) and underlain
by crystalline rock at elevations of approximately 366 to 363 feet. In addition, shallow
groundwater was encountered at elevations ranging from 375 to 380 feet. Considering the
presence of shallow groundwater, potentially compressible alluvial soils and deeper depths to
crystalline rock, a combination of driven piles and drilled piers bearing on weathered and/or
crystalline rock are anticipated for the bridge structure.
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FOUNDATION RECOMMENDATIONS

Based on the depth to competent bearing material, the end bents for the proposed bridge may be
supported by driven HP 12x53 steel piles and interior bents by 36 inch diameter drilled piers. The
piles for the end bents may be designed using an allowable capacity of 45 tons with a safety factor
of 2. The allowable pile capacities were estimated utilizing static methods and the actual capacity
of the piles should be verified during installation using pile driving criteria, from wave equation
analysis, established by the Geotechnical Engineer. The piers for the interior bents should be
designed to bear in weathered rock and/or crystalline rock and designed using an allowable
capacity of 200 tons with a safety factor of 2.5. For more information, refer to the attached
“Summary of Foundation Recommendations”.

The piles/piers shall be spaced at a minimum of three times the diameter to prevent reductions due
to group effects. During construction of the end bent caps, the embankment soils should be laid
back at no steeper than (2H:1V) or as required by OSHA. Temporary shoring may also be
required. Backfill behind the end bent caps shall be replaced in accordance with Section 410-8 and
410-9 of the Standard Specifications.

From the information provided, we understand the structure will be constructed at or near existing
site grades. Provided that the embankments are constructed in accordance with NCDOT
specifications and suitable slope protection measures are incorporated, the slopes may be
reconstructed as planned.

CLOSURE

Recommendations and evaluations provided by Tierra are based on the Bridge Survey &
Hydraulic Design Report dated April 17, 2006 and information provided by Mulkey Engineers and
Consultants. Modifications of our recommendations and evaluations may be required if there are
changes to the design or location of the structure. Recommendations in this report are based on
data obtained from soil borings. The nature and extent of variations between borings may not
become evident until construction.

Our professional services for this project have been performed in accordance with generally
accepted engineering practices. No other warranty, expressed or implied, is made. Tierra
appreciates this opportunity to have provided you with geotechnical engineering services for this
project. If you have any questions regarding this report, please contact our office. Wiy
\\}\\a CAQIO”I/,-/

Sincerely, ESSI'O;:‘:{”
TIERRA, INC. ‘. N
Ve , 31421 :
. s .
= ¢ G e
Seungwoon (Sean) Han, Ph.D., P.E. fabri E. “fUEL W.\:\‘:{\\\?
Geotechnical Engineer - Geottchuical Erg icer] Rthpnspy Lo
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SUMMARY OF FOUNDATION RECOMMENDATIONS

NCDOT PROJ.NO.:  R-4906 PROJECT DESCRIPTION: Bridge # 59 on SR 1322 over,
T.LP.NO.: Story’s Creek
COUNTY: Person
STATION: 15+40 -L-
SEAL L WM,
S SAroZ,
SO E8%ig; 27
= & =
= . SEAL T =
PREPARED BY: SWH DATE: __ 3/27/07 z L M o=
- <
CHECKER: GWL DATE: 75 S
FOUNDATION ALLOWABLE FOUNDATION
STATION TYPE LOAD DETAILS
END Capon | -
BENT 1 14+53 -L- HP 12x53 Steel 45 tons/Pile e B o A
Pile
Assumed Bottom of Cap =384 ft £
BENT 1 Assumed Top of Pier =376 ft
15+08 -L- 36” Drilled Pier 200 tons/Pier Tip Elevation No Higher Than = 362 ft
' Recommended Length of Pier = 14 ft
Assumed Bottom of Cap = 384 ft =
BENT 2 Assumed Top of Pier=376 ft
15+73 -L- 36” Drilled Pier 200 tons/Pier Tip Elevation No Higher Than = 362 ft
Recommended Length of Pier = 14 ft
END Cap on
= +
BENT 2 16+28 -L- HP 12x53 Stecl 45 tons/Pile R‘:ji“m“;fgnﬁgggn‘;hcggmfﬁ t;o o
Pile
COMMENTS & NOTES (Attached)

R-4906, Person County

Bridge # 59 on SR 1322 over Story’s Creek
6211-07-005

Note on Plans:

1.

W

©w

7.

8.
9.

Drive piles at End Bents No. 1 and 2 to a required Bearing capacity of 90 tons per pile. The required
bearing capacity is equal to the allowable bearing capacity with a minimum factor of safety of two.
The allowable bearing capacity for piles at End Bents No. 1 and 2 is 45 tons per pile.

. Drilled piers at Bents No. 1 and 2 are designed for both skin friction and end bearing. Check field

conditions for the required end bearing capacity of 25 tsf.

Drilled piers at Bents No.1 and 2 are designed for an applied load of 190 tons at the top of the column.
Permanent steel casing may be required for drilled piers at Bents No. 1 and 2. If required, do not extend
the casing below elevation 371 ft and 368.5 ft, respectively without prior approval from the Engineer.
The Engineer will determine the need for permanent steel casing. See Drilled Piers Special Provision.
Drilled piers at Bents No. 1 and 2 shall extend to an elevation no higher than 362 ft and satisfy the
required end bearing capacity. '

The scour critical elevation for Bents No. 1 and 2 is elevation 369 ft and 366.5 ft respectively. Scour
critical elevations are used to monitor possible scour problems during the life of the structure.

For drilled piers, see Drilled Piers Special Provision.

SPT testing is not required to determine the end bearing capacity of the drilled piers at Bents No. 1 and
5 _

10. Do not use slurry construction for drilled piers at Bents No. 1 and 2.
11. Do not use polymer sturry for drilled piers at Bents No. 1 and 2.
12. CSL tubes are required and CSL testing may be required for the drilled piers. The Engineer will

determine the need for CSL testing. See Crosshole Sonic Logging Special Provision.

Comments:

1.
2.
3.

1.5 :1 (H:V) slope is Ok with Class Il Rip Rap slope protection.
The elevation of the point of fixity for Bents No. 1 and 2 is 366 ft.
Design scour elevations for Bents No. 1 and 2 are 369.5 ft and 368.5 ft respectively.



DRILLED PIER PAY ITEM QUANTITIES

- PROJECT NO.

R-4906 DATE 3/26/2007
TIP NO. DESIGNED BY SWH
COUNTY Person CHECKED BY GWL
STATION
DESCRIPTION Bridge # 59 on SR 1322 over Story's Creek
NUMBER OF BENTS WITH DRILLED PIERS 2
NUMBER OF PIERS PER BENT 3
DRILLED PIER PAY ITEMS
PERMANENT
STEEL CASING 36" DIA. CROSSHOLE
FOR 36" DIA. |DRILLED PIERS| SPT SID SONIC CSL
DRILLED PIER | NOTIN SOIL |TESTING|INSPECTION| LOGGING* |TUBES*
BENT # - (yes/no/maybe) (feet) (each) (each) (each) (yes/no)

1 Maybe 27 - 0 0 0 YES

2 Maybe 21 0 0 0 YES

3 :

4

5

6

7

8

9
10 i} _

TOTALS 48 0 0 0

* Pay items, "Crosshole Sonic Logging" and "CSL Tubes" are not required unless CSL testing is required with a Note on Plans.

Blanks or no represent quantity of zero.

If permanent steel casing is required or may be required, Structure Design should calculate the pay item quantity, "Permanent Steel
Casing for __Dia. Drilled Pier", as the difference between the top of drilled pier elevation or the top of permanent steel casing
elevation (whichever is lower) and the elevation the permanent steel casing can not extend below as shown with a Note on Plans.

Structure Design should determine the pay item quantity, " Dia. Drilled Piers in Soil", based upon the total drilled pier length

per bent minus the "___ Dia. Drilled Piers not in Soil" per bent shown in the table above.

If CSL tubes are required, Structure design should calculate the pay item quantity, "CSL Tubes", as follows:

"CSL Tubes" per bent = (drilled pier length + 2.5 feet) x number of CSL tubes per pier

The number of CSL tubes per pier is dependent upon the drilled pier diameter. For drilled piers with a diameter of 5 feet or less,

use 4 tubes. For drilled piers with a diameter greater than 5 feet, use 6 tubes.
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BORING LOCATION PLAN

BRIDGE * 59 ON SR 1322
: OVER STORY'S CREEK
NOTES: PERSON CO., NC
NCDOT PROJECT #: R-4906

PLANS ADOPTED FROM ELECTRONIC FILES RECEIVED FROM o 40 80 TIERRA PROJECT NO.: 6211-07-005

MULKEY ENGINEERS & CONSULTANTS, DATED APR., 2006 ——— N TIERRA, INC.
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BORING LOG
IERRA 2736 ROWLAND ROAD
A  bhose (519) 710300 Tan O19) 710803
E] - =
one (919) ax O19) _ SHEET 1 OF 1
PROJECT NO. 6211-07-005 ‘ 1D. ! COUNTY PERSON COUNTY, NC ] GEOLOGIST C. BRUINSMA
SITE DESCRIPTION BRIDGE #59 ON SR 1322 OVER STORY'S CREEK . ' GROUND WATER (ft)
BORING NO. EB1B | BORING LOCATION 14+55 OFFSET 14'RT | ALIGNMENT 0 HR. CAVE @ 10.0'
COLLARELEYV. 387 ft NORTHING EASTING 24 HR, CAVE
TOTALDEPTH 19.0f | DRILL MACHINE CME 550 ATV | DRILL METHOD _HsA HAMMER TYPE MANUAL
DATE STARTED 3-8-07 l COMPLETED 3-8-07 | SURFACE WATER DEPTH N/A
ELEV. | DEPTH|  BLOW COUNT BLOWS PER FOOT samp.| W ('3 SOIL AND ROCK DESCRIPTION
@ | () | os | osit | o5k | O 20 4 60 80  100] NO. |/Moil G
387.0 EXISTING GROUND 387.0 00
' 385 AT :
10 | 1 bl t : RDWY EMB: BROWN, MED. STIFF, CLAYEY
3 3 4 M| SANDY SILT (A-4) WITH GRAVEL
385—— B ﬂ’7 ................. I_ : b
L[
O R A T i
a0 | LV b s
3 | 3 | 4. M|k
5 @7 - e e e t L
.60 O P 3810 6.0
2 | 3 4 $5 [20.8% ALLUV: GRAY AND BROWN MOTTLED, MED.
380 B \_ STIFF, SANDY CLAY (A-6)
T e e T I N 3790 ) 8.0
ALLUV: BLUE AND GRAY, LOOSE, SILTY
90 | Vb bl SAND (A-2-4)
5 | 5 | 3
3 . ' '8 ..................
~3is—- T 120
ALLUV: TAN AND BROWN MOTTLED, MED.
N P STIFF, CLAYEY SILT (A-4)
140 R
3 2 | 5 §S2
b . “7 ..................
370+ 17.3
R R WR: BLACK AND WHITE, AMPHIBOLITE
190 199
60/0 SPT AND AUGER REFUSAL AT 19.0"ON CR:

T+ : 5 AMPHIBOLITE

NCDOT BORE 07-005 BRIDGE §9.GPJ NCDOT.GDT 4/11/07




BORING LOG
TI ERRA 2736 ROWLAND ROAD
T "G Tione (519)$71.0800 Fax O19) 8710803

- SHEET 1 OF 1
PROJECT NO. 6211-07-005 ‘ ID. J COUNTY PERSON COUNTY, NC l GEOLOGIST C. BRUINSMA
SITE DESCRIPTION BRIDGE #59 ON SR 1322 OVER STORY'S CREEK v GROUND WATER (ft)
BORING NO. B1A ] BORING LOCATION 15+03 OFFSET 8'LT ’ ALIGNMENT O HR. 0.5
COLLAR ELEV. 377 ft NORTHING EASTING 24 HR. 1.0

TOTAL DEPTH 2421t DRILL MACHINE CME 550 ATV ! DRILL METHOD HSA HAMMER TYPE MANUAL

DATE STARTED 3-12-07 l COMPLETED 3-12-07 l SURFACE WATER DEPTH N/A

NCDOT_BORE 07-005 BRIDGE 5§9.GPJ NCDOT.GDT 4/11/07

ELEV. | DEPTH BLOW COUNT BLOWS PER FOOT samp. | L
o 20 40 60 80 100 (o] SOIL AND ROCK DESCRIPTION
(ft) 0 0.5ft | 051t | 0.5t ; A \ A / U1 NO. /Mol 6
377.0 EXISTING GROUND 3170 0.0
0.0 3 4 3 ALLUV: BROWN AND GRAY, MED. STIFF,
t 15 P L. SANDY SILT (A-4) WITH GRAVEL
375+~ 3 3 2 1. . §S8-3
S
| R ol ars0 40
) ALLUV: BROWN AND GRAY GRAVEL LAYER
B T T T (A-1-a)
2 11 3710 6.0
6.5 2_)51 WR: BLACK, BROWN AND WHITE,
370+ 39 59 |43 .. . ... . S AMPHIBOLITE GNEISS
100/ =
S [ e o he - 8
2
X e e 2_ .
9.9 = 3674 od
eo0 | f V-t 60/ ~If CR: BLACK, GRAY AND WHITE, MOD.
TR [ O 9 WEATH. TO V. SLI. WEATH., SOFT TO V.
A HARD, V. CLOSE. TO MOD. CLOSE. FRACT
s+ I 1 ol A ',//‘, = AMPHIBOLITE GNEISS
S e L S T "/f% - WR LAYER FROM 21.5' TO 22.1'
A N N I YA
A N (N i
A f
L 0 0 "/ff“
g0+ 1} b b e "/ff -
,y/ 4
S T [ T (N T T T T R R S P R 4.
,\,f‘
S T L e 5 T ,:-.
IR e e e zyff..
»/TF
TR e e a8
355.-— ..................... /‘/T a—
R T e e P ,\,ff-
S T I T O T "/Tf- 3528 24.2
CORING TERMINATED AT 24.2' IN CR:
+ ) - AMPHIBOLITE GNEISS

PROJECT NO.:

DESCRIPTION:

COUNTY: PERSON

CORE BORING REPORT

DATE:  3/12/2007

6211-07-005 1.D. NO.: BORING NO: B1A GEOLOGIST: C. BRUINSMA

BRIDGE #59 ON SR 1322 OVER STORY'S CREEK

COLLARELEV.. 377 TOTALDEPTH: _ 242 FT

DRILL REC | RaD

ELEV. | DEPTH| RATE |RUN| FT FT  |sawp FIELD CLASSIFICATION AND REMARKS

FT) FT) | MINFT {(FT)| % % | #

367.1 9.9 | 1:00/0.3 9.9-242 CR: BLACK, GRAY AND WHITE, MOD. WEATH.
4:00 42/43 | 3.3/43 TO V. SLI. WEATH., SOFT TO V. HARD, V.
3:00 |43 CLOSE. TO MOD. CLOSE. FRACT.,
300 9% | 77% AMPHIBOLITE GNEISS

3628 | 142 | 3:30 WITH WR LAYER 21.5'22.1'

3628 | 142 | 3:00
3:30 5.0/5.0 | 4.0/5.0
3:00 | 5.0
3:30 100% | 80%

3578 | 192 | 315

3578 | 192 | 3:00
3:00 46/5.0 | 3.5/5.0
400 |50
2:45 92% | 70%

352.8 24.2 2:45 STRATAREC =97%  STRATARQD =76%

CORING TERMINATED AT 242 FT
ELEVATION 3528 FT

DRILLER: S. GOWER

CORE SIZE: NQ EQUIPMENT: CME 550 ATV




BORING LOG
IERRA 2736 ROWLAND ROAD
@ ciicoscn - wnss] | RALPIGHL NORTH CAROLINA 27615 ,
ENOINEERING Phone (919) 871-0800 Fax (919) 871-0803 SHEET 1 OF 1

PROJECT NO. 6211-07-005

D

‘COUNTY PERSON COUNTY, NC lGEOLOGlST C. BRUINSMA

SITE DESCRIPTION BRIDGE #59 ON SR 1322 OVER STORY'S CREEK GROUND WATER (ft)
BORING NO. B1B l BORING LOCATION 15+11 OFFSET 7'RT ‘ ALIGNMENT 0 HR. 5
COLLARELEV, 378 ft NORTHING EASTING |24 HR. 1.0

TOTAL DEPTH 24.8 ft

DRILL MACHINE CME 550 ATV ‘ DRILL METHOD HSA

HAMMER TYPE MANUAL

DATE STARTED 3-9-07

| COMPLETED 3-9-07

‘ SURFACE WATER DEPTH N/A

NCDOT BORE 07-005 BRIDGE 59.GPJ NCDOT.GDT 4/11/07

LEV. | DEPT BLO' BLOWS PER FOOT SAMP. L
E EPTH W COUNT p 60 8 00 v (o] SOIL AND ROCK DESCRIPTION
@ | @ |osh | osh 05t | 0 20 40 ! 0 100] NO. | /moil 6
378.0 EXISTING GROUND — 378.0 , 0.0
e ALLUV: GRAVELLY SAND WITH COBBLES
F e e I e A A L \(A-1-a) _ __J
G ALLUV: BROWN, V. SOFT, CLAYEY SANDY
R I I I SILT (A-4)
375+ v T R I §54
- Sr ans 5.5
R ALLUV: GRAY AND BROWN, V. DENSE,
SANDY GRAVEL (A-1-a), UP.TO 1' DIAMETER
" 715 COBBLES/BOULDERS POSSIBLE
T 1003 (e 3695 8.
R "134_ WR: BLACK AND WHITE, AMPHIBOLITE
9.8 == 368.2 : 9.
B 60/0 Sl CR: GRAY, WHITE AND BLACK, SLI. WEATH.
A TO FRESH., HARD TO V. HARD, V. CLOSE.
3 4 TO MOD. CLOSE. FRACT. AMPHIBOLITE
R //f;_ GNEISS WITH FELSIC INJECTIONS
e R e I RS-1 ifff -
R N (P A
A S e N P R }:ff-
PO L e T T N S Z‘-ﬁ -
A e e O }/ff "
v A
04+ ! 1 1 e Zj‘e -
P S A T LR R ,\/ﬁ L.
I N S Q i
| A N N AP g8
A T T PP ;///’i-
4+ | 1 1 b «‘2_!‘-_.
..................... 7/
VA 3532 24,
i - CORING TERMINATED AT 24.8' INCR:
s ! AMPHIBOLITE GNEISS ’
1 T -

CORE BORING REPORT
DATE:  3/9/2007
PROJECTNO.: 6211-07-005 1.D.NO.: BORING NO: B1B GEOLOGIST: C. BRUINSMA
DESCRIPTION: BRIDGE #59 ON SR 1322 OVER STORY'S CREEK
COUNTY: PERSON COLLARELEV.: 378 TOTALDEPTH: 248 FT
ELEV. | DEPTH gi‘% S RaD
. TE {RUN| FT FT |sa
e Rl P i i T ;ap FIELD CLASSIFICATION AND REMARKS
368.2 9.8 4:00 0.824.8 CR: GRAY, WHITE AND BLACK, SLI. WEATH TO
4:30 5.0/5.0 | 3.5/5.0 FRESH, HARD TO V. HARD, V. CLOSE. TO
430 |50 RS-1 MOD. CLOSE. FRACT., AMPHIBOLITE GNEISS
| 430 100% | 70% WITH FELSIC INJECTIONS
363.2 14.8 5:30 ‘
363.2 14.8 3:00
2:00 4.7/5.0 ‘| 3.5/5.0
3:00 |50
3:00 94% 70%
358.2 19.8 5:15
358.2 19.8 2:00
3:45 5.0/5.0 | 3.6/5.0
315 | 5.0
3:00 100.0% | 72%
353.2 24.8 4:00. STRATAREC =98% STRATARQD =71%
CORING TERMINATED AT 248 FT
‘ ELEVATION 3532 FT
DRILLER: S. GOWER CORE SIZE: NQ EQUIPMENT: CME 550 ATV




BORING LOG

I IERRA 2736 ROWLAND ROAD
_ By oot - s RALEIGH, NORTH CAROLINA 27615
- ENGINEERING Phone (919) 871-0800 Fax (919) 871-0803 SHEET 1 OF 1
PROJECT NO. 6211-07-005 l ID. ‘ COUNTY PERSON COUNTY, NC ] GEOLOGIST C. BRUINSMA , CORE BORING REPORT
SITE DESCRIPTION BRIDGE #59 ON SR 1322 OVER STORY'S CREEK ’ GROUND WATER (ft) ; . : DATE: 3/13/2007
BORING NO. B2A | BORING LOCATION 15+68 OFFSET 9'LT | ALIGNMENT 0 HR. 2.0 ! I —
COLLAR ELEV. 377 ft NORTHING EASTING 24 HR. BACKEILL - PROJECTNO.: 6211-07-005 1.D. NO.: BORING NO: B2A GEOLOGIST: C. BRUINSMA
TOTALDEPTH 262t | DRILL MACHINE CME 550 ATV |DRILL METHOD HSA HAMMER TYPE MANUAL '
DESCRIPTION:  BRIDGE #59 ON SR 1322 OVI '
DATE STARTED 3-13-07 | COMPLETED 3-13-07 | SURFACE WATER DEPTH N/A 5 ER STORY'S CREEK
ELEV. | DEPTH] _ BLOW COUNT BLOWS PER FOOT sawe.\ W /) SOIL AND ROCK DESCRIPTION ! COUNTY: PERSON COLLAR ELEV.:_377 _ TOTALDEPTH: __26.2 FT
() | ) |ost|ose|ost|0 20 40 60 8 100 NO. | /Mol G :
. DRILL REC RQD
_ E(!I_:l_Er\)/ DEEFF.’rT;H myg r(?igTr;! f,T FT |sawe FIELD CLASSIFICATION AND REMARKS
377.0 0 % | # :
| O B B EXISTING GROUND T ROOTUAT - g 3669 | 101 | 345 10.1-15.9 CR. DARK GRAY, WHITE AND BROWN, SLI. TO
I 92 ALLUV: TAN, V. LOOSE, SAND (A1 [L0:45/0.1 1411|0611 V. SLI. WEATH., HARD TO V. CLOSE. TO
- 3751 doo o 1.1 CLOSE. FRACT., AMPHIBOLITE GNEISS
TR I e e I 100.0% 55%
39 g8
= 1 WOH 1 % S A 365'8 1 1 2
l - Q1 - . . e 365.8 11.2 3:15
- A e e O 3:45 5.0/5.0 |2.4/5.0
370+ | : - 300 |50} - RS-2
i 5 | ki ALLUV: TAN, GRAVEL LAYERS (A-1b) Ny 3:15 100% | 48%
B e ——— 22 WR: GREEN AND GRAY, AMPHIBOLITE ' ' 360.8 16.2 5:00 | ‘ STRATA REC = 100% STRATA RQD =49%
Laoa b0 b b “’:;,:i = TR 104 3608 | 162 |_3:00 150262 _ CR: DARK GRAY AND WHITE, FRESH, HARD
0/ =4, CR: DARK GRAY, WHITE AND BROWN, SLI. . R
I L N 4 CR: DARK GRAY, WHITE AND BROWN. S 1 3:00 5.0/5.0- | 5.0/5.0 TO V. HARD, WIDE. FRACT., AMPHIBOLITE
wt | A CLOSE. FRACT., AMPHIBOLITE GNEISS 3115 | 5.0 GNEISS
P P il 3:15 100.0% | 100%
A N N i 3558 | 212 | 400
A N N N B szl 1 358 | 212 | 245
..... 2T s | 59 2:45 5.0/5.0 |5.0/5.0
r {1 t+ 1 Vo ‘;;' CR: DARK GRAY AND WHITE, FRESH, HARD 4:00 50
2 R e - TO V. HARD, WIDELY FRACT., AMPHIBOLITE : -
A GNEISS 4:00 100% | 100% ,
R ;:ﬁ 350.8 26.2 4:00 _ STRATAREC = 100% STRATA RQD = 100%
B R R R ,,
354 b b b e e e e e e f’:‘/_f;}_
| R 1 [ L T A }/j‘j'
0O R [ %f; L
| R >4
N B I T N T L S v A 3508 26.4
CORING TERMINATED AT 26.2' IN CR:
5 T [~ AMPHIBOLITE GNEISS
s I i CORING TERMINATED AT 262 FT
8 ' ‘ ELEVATION _ 350.8 FT
o L i 2200
[o]
g - i DRILLER: S. GOWER CORE SIZE: NQ EQUIPMENT: CME 550 ATV
g + -
E B L
8 L »
& 5 5
§ i |
v .- i
g I 5
"
8 - X
g




BORING LOG
IERRA 2736 ROWLAND ROAD :
Y ortioninds™]  Phone (519 871.0800 Fas (919) §71.0803
one (919) ax (919) SHEET 1 OF 1
PROJECT NO. 6211-07-005 [ D, ] COUNTY PERSON COUNTY, NC | GEOLOGIST C. BRUINSMA
SITE DESCRIPTION BRIDGE #59 ON SR 1322 OVER STORY'S CREEK GROUND WATER (ft)
BORING NO. EB2A ] BORING LOCATION 16+25 OFFSET 15'LT l ALIGNMENT 0 HR. CAVE@5
COLLARELEV. 388 ft NORTHING ' | EASTING 24 HR." . CAVE
TOTAL DEPTH 21.3ft | DRILL MACHINE CME 550 ATV ] DRILL METHOD HSA HAMMER TYPE MANUAL
DATE STARTED 3-8-07 ] COMPLETED 3-8-07 l SURFACE WATER DEPTH N/A
ELEV. |DEPTH|  BLOW COUNT BLOWS PER FOOT same. | (L) SOIL AND ROCK DESGRIPTION
() | () | osft| ost | o5t |0 20 40 60 80  190] NO. | ol G -
388.0 EXISTING GROUND | 3830 0.0
o 3878 \ROQIMAT 02
10 e RDWY EMB: RED AND BROWN, MED. STIFF,
3 3 3 M D SANDY CLAYEY SILT (A-5)
T I L T R - T T T T T T S Y | " N
W
385_ S T A L. :‘: - 384.5 3'5
41 V1Y CNC RDWY EMB: RED AND BROWN, MED. STIFF,
3 3 4 _ S§5 33.a%t SANDY SILTY CLAY (A-7-5)
I e e O R N
X+ I T O e L
2 3 3 M t
S L L T Y. T LN}
-
380...... .................... L_ p—
X I R N i VR N
a5 |6 M- od]
- PR ALLUV: GRAY AND BROWN, MED. DENSE,
B e e SILTY SAND (A-2-4)
L I Y S S S S S S I R T R 12'0
Q ALLUV: BLUE AND GRAY, LOOSE, CLAYEY
o E N \_ SAND (A-2-6)
N I N T T
2 2 2 w \
L QUEY) : 17.1
5] WR: BLACK AND GRAY, AMPHIBOLITE
370_.. .................... '*?}——
194 |V ﬁ
8012 6029 )]
O 2 e 27 .
. 21.2 R T T P Q_ 266.7 21.3
0.1 07T AUGER AND SPT REFUSAL AT 21.3'ON CR:
T - AMPHIBOLITE
1 T -

NCDOT_BORE 07-005 BRIDGE 59.GPJ NCDOT.GDT. 4/11/07




NCDOT_BORE 07-005 BRIDGE 59.GPJ NCDOT.GDT 4/11/07

PROJECT NO.:-

DESCRIPTION:

6211-07-005

CORE BORING REPORT

1.D. NO.:

DATE: _ 313/2007 _

BORING NO: EB2B GEOLOGIST: C. BRUINSMA

BRIDGE #59 ON SR 1322 OVER STORY'S CREEK

COUNTY: PERSON

COLLARELEV.: 388

TOTALDEPTH: _ 358 FT

BORING LOG
IERRA 2736 ROWLAND ROAD
GrormicaL » s RALEIGH, NORTH CAROLINA 27615
ENGINEERING Phone (919) 871-0800 Fax (919) 871-0803 SHEET 1 OF 1
PROJECT NO. 6211-07-005 | D. [ COUNTY PERSON COUNTY, NG | GEOLOGIST C. BRUINSMA
SITE DESCRIPTION BRIDGE #59 ON SR 1322 OVER STORY'S CREEK GROUND WATER (ft)
BORING NO. EB28B | BORING LOCATION 16+35 OFFSET 16'RT | ALIGNMENT O HR. 8.0
COLLAR ELEV. 388 ft NORTHING EASTING 24HR.  BACKFILL
TOTALDEPTH 358f | DRILL MACHINE CME 550 ATV | DRILL METHOD _HSA HAMMER TYPE MANUAL
DATE STARTED 3-14-07 | COMPLETED 3-14-07 | SURFACE WATER DEPTH N/A
ELEV. | DEPTH|  BLOW COUNT BLOWS PER FOOT sawp.|V¥ /| L
1o SOIL AND ROCK DESCRIPTION
@ | ¢ |ost|[ost|ose {0 20 40 - 80 8 100} NO. | /voll 6 - v
3880] EXSITING GROUND 3880 00
: n RDWY EMB: RED AND BROWN, MED. STIFF,
o Vv b b CN- SANDY SILTY CLAY (A-7-5)
3| 3| 3 M N
L T S T t§-
3854 . P . [_\_.
39 N
S 2 2 3 ................. M L\-
N
3 1 L.\'
60 | 1 1 ol N
3 3 4 M \C\
- ) ’7 .................. LQ—
380+ N N_3800 &4
89 . D% ALLUV: GRAY AND BROWN, MED. STIFF,
-89 L 1o e SANDY SILT (A4)
+ B 2 ?rm.o : 10
» ALLUV: GRAY, LOOSE, SAND (A-1-5) ,
| O 418 a760 129
ALLUV: DARK GRAY, MED STIFF, CLAYEY
375+ - N o SILT (A4)
139 =
s -l 5% -
L C@5. e Ea
= A D N N B B % : = 3705 . N TE HBO TE 17.5
O e N N L1 WR: BLACK AND WHITE, AMPHIBOLT
i : __ ES GNEISS
- v i i &0/ w ﬁ n
A R 22k
A N DU >
20l 1 L b 1 3660 24
60/0 60/0 =h CR: BLACK, GRAY AND WHITE, V. SLI.
354+ | b ] e %_ WEATH. TO FRESH, HARD TO V. HARD, V.
5 A CLOSE. TO WIDELY FRACT., AMPHIBOLITE
A I =l GNEISS
I I 1
A T S S S A R R T R R %;Ji -
1 i
i
360+ 1 1 b ] e e o o
R Y IR . 71
N A
s :
e N Pk
T L B e R " f'
35+ b ] ] "/:x -
..................... A
YA
A I A B A
] 3522 35.8
3 - CORING TERMINATED AT 35.8' IN CR:
+ . i AMPHIBOLITE GNEISS

DRILC REC T RGD
ELEV. | DEPTH| RATE |RUN| FT FT |sawe FIELD CLASSIFICATION AND REMARKS
(FT) (FT) | MINFT | (FT) % o | # ‘
366.0 22.0 4:00 22.0-35.8 CR: BLACK, GRAY AND WHITE, V. SLI. WEATH.
4:00 3.9/40 |2.8/4.0 TO FRESH, HARD TO V. HARD, V. CLOSE. TO
400 |40 WIDELY FRACT., AMPHIBOLITE GNEISS
5:00 98% | 70%
362.0 26.0
362.0 26.0 3:45
4:15 4.8/48 |4.4/48
445 | 48
5:00 100% | 92%
357.2 30.8 | 7:00/0.8
357.2 30.8 3:00
3:00 5.05.0 |5.0/5.0
3:00 | 5.0
3:30 100.0% | 100% . , )
352.2 35.8 5:00 ' STRATAREC =99%  STRATARQD = 88%
CORING TERMINATEDAT 358 FT
ELEVATION 3522 FT
DRILLER: S. GOWER

CORE SIZE: NQ EQUIPMENT: CME 550 ATV




: 0.0° 0.5 1.0° 1.5 2.0° 0.0’ 0.5 1.0° 1.5° 2.0°

Boring EB2B, Box 1 of 2, 22.0 feet to 30.8 feet. Boring EB2B, Box 2 of 2, 30.8 feet to 35.8 feet.

SCALE 1:40 (17=4")

ROCK CORE PHOTOGRAPHS

BRIDGE # 59 ON SR 1322 OVER STORY’S CREEK
PERSON CO,, NC
NCDOT PROJECT #: R-4906
TIERRA PROJECT #: 6211-07-005

TIERRA, INC.

T 2736 ROWLAND RD.
__E_LRR_A;, RALEIGH. NC 27615
O pase PHONE (919) 871-0800

.
FAX (919) 871-0803




SOIL CLASSIFICATION AND GRADATION SHEET

BRIDGE #59 ON SR 1322 OVER STORY'S CREEK
NCDOT PROJECT NO.: R-4906

PERSON COUNTY

TIERRA, INC. PROJECT NO: 6211-07-005

EB1B $81
A-6 29.8% 80 75 49 36 21 15
14+55 | 14'RT 6.0-7.5
EB1B §S-2
A4 22.9% 97 93 65 26 18 8
14+55 | 14'RT 14.0-15.5 ‘
B1A $5-3
A4 19.4% 93 83 55 NP NP NP
15403 | 8'LT . 1.5-3.0 ‘
B1B sS4
A4 25.5% 97 92 53 NP - NP NP
15+11_| 7TRT 254 ~
EB2A $S-5 B
ATS 33.8% 98 94 79 53 32 21
16425 | 15'LT 4.1-5.6
EB2B SS-6 -]
A4 34.3% 100 97 67 21 15 6
16+#35 | 16'RT 13.9-15.4
Channel S-1
A-a ' N/A 30 12 4 NP NP NP
| 0.0-1.5
Bank $-2
A-2-4 N/A 100 98 31 NP NP NP
| 0.0-1.5 ‘
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ROCK CORE UNIAXIAL COMPRESSIVE STRENGTH TEST ROCK CORE UNIAXIAL COMPRESSIVE STRENGTH TEST

Job No.: 6211-07-005 Job Name: Bridge #59 on SR 1322 over Story's Creek ‘ Job No.: 6211-07-005 Job Name: Bridge #59 on SR 1322 over Story's Creek
Date: 3/22/2007 Sample No.: RS -1 : Date: 3/22/2007 Sample No.: RS -2 '
Boring No.: B-1B Depth (ft). 12.6 - 13.1 ' » - Boring No.: B-2A Depth (ft):  14.1-14.65
Description: Black, gray & white, mod. weathered to v. slightly weathered, soft to v. hard, -, Description: Dark gray, white & brown, slightly to v. slightly weathered, hard,
v. close to mod. close fractured amphibolite gniess v. close to mod. close fractured amphibolite gniess
Length (in.): 3.663 ' ; Length (in.): 2.422
Diameter (in.): 1.851 i Diameter (in.): 1.851
Area (sq. in.): 2.691 Area (sq. in.): 2.691
Compressive Strength (psi): 16909 Compressive Strength (psi): 15131
Corrected Compressive Young's Corrected Compressive Young's
Deflection (in.) Strain (%)  Load (Ibf Strength (psi) Modulus (psf) Deflection (in.) Strain (%) Load(lb Strength (psi) Modulus (psi)
0.000 0.000 0 0.0 0.000 0.000 0 0.0 '
0.005 0.137 3500 1300.7 952,867 0.005 0.206 4212 1565.3 758,210
0.010 0.273 7500 2787.1 1,020,929 0.010 0.413 7956 1 2956.6 716,088
0.015 0.410 11000 4087.8 998,242 0.015 0.619 11700 4347.9 702,047
0.020 - 0.546 16500 6131.7 1,123,022 0.020 0.826 14976 5565.4 673,965
0.025 0.683 21500 7989.8 1,170,665 0.025 1.032 20124 7478.4 724,512
0.030 0.819 26500 9847.9 1,202,427 0.030 1.239 26208 9739.4 786,292
0.035 0.956 31500 11706.0 1,225,115 0.035 1.445 33228 12348.1 854,491
0.040 1.092 39500 14678.9 1,344,223 0.040" 1.652 40716 15130.8 916,171
0.045 1.229 45500 16908.6 1,376,363 0.045 1.858 19656 7304.5 393,146
0.050 1.365 0 0.0 0 0.050 2.064 4680 1739.2 84,246
0.055 2.271 - 0 0.0 1
18000
16000 //’*\ 16000
1200 ¥ o o\
£ 10000 /. % 10000 / \
] ) [
g 8000 | @ 8000 e \
B 6000 o A "
4000 / \ & 6000 /_, \
2000 | \ 4000 — ' '
0 ' X . 2000 \\
0000 0200 = 0400 0600  0.800  1.000 1200 1400  1.600 - 0 ./

% Strain : 0.000 0.500 1.000 1.500 2.000 2.500
' % Strain



\ =\ NORTH CAROLINA DEPARTMENT or TRANSPORTATION FIELD

[ GEOTECHNICAL ENGINEERING UNIT
et SCOUR REPORT
WBS: TIP: R-4906 COUNTY: PERSON
DESCRIPTION(1): BR 59 ON SR 1322 OVER STORY'S CREEK
EXISTING BRIDGE

Information from: Field Inspection X Microfilm (reel pos: )

Other (explain) HYDRO REPORT
Bridge No.: 59 Length: 162 TotalBents: 6 BentsinChannel: 2  Bentsin Floodplain: _4

Foundation Type: H-PILES ON SPREAD FOOTINGS, STEEL PLANK FLOOR ON I-BEAMS

I EVIDENCE OF SCOUR(2)
Abutments or End Bent Slopes: NO EVIDENCE OF SCOUR

Interior Bents: SCOUR EVIDENT ON TWO BENTS ADJACENT TO CHANNEL. BENTS ARE NOT ALIGNED

WITH STREAM MORPHOLOGY. CHANNEL HAS BEEN CUT OFF IN SEVERAL AREAS.

Channel Bed: SCOUR EVIDENT ALONG SECONDARY CHANNEL AREAS, ONLY DURING HIGH FLOW

Channel Bank: EVIDENT ON DOWNSTREAM EB2 SIDE, APPROX 25 FEET FROM EXISTING BRIDGE

EXISTING SCOUR PROTECTION
Type(3): NONE EVIDENT

Extent(4): N/A

Effectiveness(5): N/A

Obstructions(6): A LARGE AMOUNT OF DEBRIS HAS COLLECTED BETWEEN BENT 2, 3, AND 4

SHEET 25

INSTRUCTIONS
1 Describe the specific site's location, including route number and body of water crossed.

Note scour evidence at existing end bents or abutments (e.g. undermining, sloughing, degradations).

Note existing scour protection (e.g. rip rap).

Describe extent of existing scour protection.

Describe whether or not the scour protection appears to be working.

Note obstructions such as dams, fallen trees, debris at bents, etc.

Describe the channel bed material based on observation and/or samples. Include any lab results with report.

Describe the channel bank material based on observation and/or samples. Include any lab results with report.

9 Describe the material covering the banks (e.g. grass, trees, rip rap, none).

10 Determine the approximate floodplain width from field observation or a topographic map.

11 Describe the material covering the floodplain (e.g. grass, trees, crops).

12 Use professional judgement to specify if the stream is degrading, aggrading, or static.

13 Describe potential and direction of the stream to migrate laterally during the bridge's life (approx. 100 years).

14 Give the design scour elevation (DSE) expected over the life of the bridge (approx. 100 years). This
elevation can be given as a range across the site, or for each bent. Discuss the relationship between the Hydraulics
Unit theoritical scour and the DSE. If the DSE is dependent on scour counter measures, explain (e.g. rip rap armoring
on slopes). The DSE is based on the erodability of materials, giving consideration to the influence of joints, foliation,
bedding characteristics, % core recovery, % RQD, differential weathering, shear strength, observations at existing

structures, other tests deemed appropriate, and overall geologic conditions at the site.

O NOONDdODN

Channel Migration Tendency(13): EAST

DESIGN INFORMATION
Channel Bed Material(7): SAND WITH GRAVEL AND COBBLE/BOULDERS UP TO 2' IN DIAMETER

Channel Bank Material(8): SILTY SAND AND SANDS

Channel Bank Cover(9): SHRUBS, AND YOUNG TO OLD TREE GROWTH

Floodplain Width(10): APPROXIMATELY 700 FEET

Floodplain Cover(11): SHRUBS, AND YOUNG TO OLD TREE GROWTH

Stream is(12): Aggrading Degrading X Static

Observations and Other Comments: CHANNEL MORPHOLOGY SEVERLY IMPACTED DUE TO HIGH AMOUNT
OF DEBRIS CAUGHT BY EXISTING BENTS IN CHANNEL

Reported by: C. Bruinsma Date:  3/8/2007
TIERRA, INC.
DESIGN SCOUR ELEVATIONS(14) Feet Meters
BENTS
B1 B2 B3 B4
SB Lanes, Lt
SB Lanes, Rt
NB Lanes, Lt
NB Lanes, Rt
Comparison of DSE to Hydraulics Unit theoretical scour:
DSE determined by: Date:
SOIL ANALYSIS RESULTS FROM CHANNEL BED AND BANK MATERIAL
Bed or Bank| Channel Bank
Sample No. S-1 S-2
Retained #4 54 0
Passed #10 30 100
Passed #40 12 98
Passed #200 4 31
Coarse Sand 18 2
Fine Sand 8 67
Silt
Clay 4 31
LL NP NP
Pl NP NP
AASHTO A-1-a A-2-4
Station
Offset
Depth] 0.0-1.5 0.0-1.5
Template Revised 02/07/06




BRIDGE #59 ON SR 1322 OVER STORY'S CREEK
PERSON COUNTY
NCDOT PROJECT NO.: R-4906

GRAIN SIZE DISTRIBUTION CURVE

GRAIN SIZE in millimeters

r Engineering Purposes

< 3" and > #10

Coarse Sand <#10 and > #40

Cu=D60/D10

Channel SAMPLE #:

Fine Sand < #40 and > #200

S-1 DEPTH:

Cc =(D30)*2/ (D10 x D60)

0.0-1.5

Gravelly SAND (A-1-a
% PASSING #200 SIEVE: 4%
NATURAL MOISTURE CONTENT = N/A

LIQUID LIMIT NP
PLASTIC LIMIT NP
PLASTIC INDEX NP

e i

BRIDGE #59 ON SR 1322 OVER STORY'S CREEK
PERSON COUNTY
NCDOT PROJECT NO.: R-4906

;GRAlN SIZE in millimeters

IAASHTO M-145 Classification of Soil for Engineering Purposes

Gravel <3"and > #10 Coarse Sand <#10 and > #40 Cu=D60/D10
Fine Sand < #40 and > #200 Co = (D30)°21 (D10 x D60)
BORING #: Bank SAMPLE #: S-2 DEPTH: 0.0-1.5

SILTY SAND (A-2-4)
% PASSING #200 SIEVE: 31%

NATURAL MOISTURE CONTENT = N/A

0 M:
LIQUID LIMIT NP
PLASTIC LIMIT NP
PLASTIC INDEX NP




PHOTO 1: CENTERLINE PROFILE, LOOKING UPSTATION

PHOTO 2: STORY’S CREEK, LOOKING UPSTREAM

SITE PHOTOGRAPHS

BR # 59 ON SR 1322 OVER STORY’S CREEK
PERSON CO., NC
NCDOT PROJECT #: R-4906
TIERRA PROJECT #: 6211-07-005

TIERRA, INC.
T 2736 ROWLAND RD.
IERRA RALEIGH. NC 27615
orerieay » AT PHONE (919) 8710800
FAX (919) 871-0803




END BENT 2, LOOKING LEFT TO RIGHT

.
°

PHOTO 4

LOOKING LEFT TO RIGHT

: END BENT 1,

PHOTO 3

SITE PHOTOGRAPHS
BR # 59 ON SR 1322 OVER STORY’S CREEK

PERSON CO.,NC

R-4906
6211-07-005

°
.

NCDOT PROJECT #
TIERRA PROJECT #

°
.

TIERRA, INC.
2736 ROWLAND RD.
RALEIGH. NC 27615
PHONE (919) 87 10800
FAX (919) 8710803
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STATE OF NORTH CAROLINA

CONTENTS: PAGE NUMBER: DEPARTMENT OF TRANSPORTATION

NC DEPARTMENT OF TRANSPORTATION, DIVISION ) 2
OF HIGHWAYS, GEOTECHNICAL UNIT, SOIL AND
ROCK LEGEND, TERMS AND ABBREVIATIONS

GEOTECHNICAL STRUCTURE SUBSURFACE INVESTIGATION REPORT3 ~ 4
PROJECT DESCRIPTION
SITE DESCRIPTION AND GEOLOGY
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SITE DESCRIPTION

NOTE - THE INFORMATION CONTAINED HEREIN IS NOT IMPLIED OR GUARANTEED BY THE N. C. DEPARTMENT
OF TRANSPORTATION AS BEING ACCURATE NOR [T IS CONSIDERED TO BE PART OF THE PLANS,
SPECIFICATIONS, OR CONTRACT FOR THE PROJECT.

NOTE - BY HAVING REQUESTED THIS INFORMATION THE CONTRACTOR SPECIFICALLY WAIVES ANY CLAIMS
FOR INCREASED COMPENSATION OR EXTENSION OF TIME BASED ON DIFFERENCES BETWEEN THE
CONDITIONS INRICATED HEREIN AND THE ACTUAL CONDITIONS AT THE PROJUECT SITE.
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CAUTION NOTICE

< THE SUBSURFACE INFORMATION AND THE SUBSURFACE INVESTIGATION ON WHICH IT IS BASED WAS MADE

FOR THE PURPOSE OF STUDY, PLANNING AND DESIGN, AND NOT FOR CONSTRUCTION OR PAY PURPOSES.
THE VARIOUS FIELD BORING LOGS, ROCK CORES, AND SOIL TEST DATA AVAILABLE MAY BE

REVIEWED OR INSPECTED IN RALEIGH BY CONTACTING THE N, C. DEPARTMENT OF TRANSPORTATION,
GEOTECHNICAL UNIT @ (919) 256-4288, NEITHER THE SUBSURFACE PLANS AND REPORTS, NOR THE FIELD
BORING LOGS. ROCK CORES, OR SOIL TEST DATA IS PART OF THE CONTRACT,

GENERAL SOIL AND ROCK STRATA DESCRIPTIONS AND INDICATED BOUNDARIES ARE BASED ON A
GEOTECHNICAL INTERPRETATION .OF ALL AVAILABLE SUBSURFACE DATA AND MAY NOT NECESSARILY
REFLECT THE ACTUAL SUBSURFACE CONDITIONS BETWEEN BORINGS OR BETWEEN SAMPLED STRATA

WITHIN THE BOREHOLE. THE LABORATORY SAMPLE DATA AND THE IN SITU (IN-PLACE) TEST DATA CAN BE
RELIED ON ONLY TO THE OEGREE OF RELIABILITY INHERENT IN THE STANDARD TEST METHOD,

THE OBSERVED WATER LEVELS OR SOIL MOISTURE CONDITIONS INDICATED IN THE SUBSURFACE
INVESTIGATIONS ARE AS RECORDED AT THE TIME OF THE INVESTIGATION, THESE WATER LEVELS OR SOl
MOISTURE CONDITIONS MAY VARY CONSIDERABLY WITH TIME ACCORDING TO CLIMATIC CONDITIONS [NCLUDI
TEMPERATURES, PRECIPITATION AND WIND, AS WELL AS OTHER NON-CLIMATIC FACTORS.

THE BIDDER OR CONTRACTOR IS CAUTIONED THAT DETAILS SHOWN ON THE SUBSURFACE PLANS

ARE PRELIMINARY ONLY AND IN MANY CASES THE FINAL DESIGN DETAILS ARE DIFFERENT. FOR BIDDING
AND CONSTRUCTION PURPOSES, REFER TO THE CONSTRUCTION PLANS AND DOCUMENTS FOR FINAL DESIGN
INFORMATION ON THIS PROJECT. THE DEPARTMENT DOES NOT WARRANT OR GUARANTEE THE SUFFICIENCY
OR ACCURACY OF THE INVESTIGATION MADE, NOR THE INTERPRETATIONS MADE OR OPINION OF THE
DEPARTMENT AS TO THE TYPE OF MATERIALS AND CONDITIONS TO BE ENCOUNTERED, THE BIDDER OR
CONTRACTOR IS CAUTIONED TO MAKE SUCH INDEPENDENT SUBSURFACE INVESTIGATIONS AS HE DEEMS
NECESSARY TO SATISFY HIMSELF AS TO CONDITIONS TO BE ENCOUNTERED ON THIS PROJECT. THE
CONTRACTOR SHALL HAVE NO CLAIM FOR ADDITIONAL COMPENSATION OR FOR AN EXTENSION OF TIME FOR|
ANY REASON RESULTING FROM THE ACTUAL CONDITIONS ENCOUNTERED AT THE SITE DIFFERING FROM
THOSE INDICATED IN THE SUBSURFACE INFORMATION.

INVESTIGATED BY_C. BRUINSMA PERSONNEL__S. HAN
CHECKED BY__G. LANG, P.E. B. SAWASKA

SUBMITTED BY__TIERRA, INC.
DATE _APRIL, 2607
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SUBSURFACE INVESTIGATION

SOIL AND ROCK LEGEND, TERMS, SYMBOLS, AND ABBREVIATIONS

1D STATE PROJECT NG.|SHEET NO. [TOTAL SHEETS

R-4906 2 26

SOIL DESCRIPTION

GRADATION

ROCK DESCRIPTION

TERMS AND DEFINITIONS

SOIL IS CONSIDERED TO BE THE UNCONSOLIDATED, SEMI-CONSOLIDATED OR WEATHERED EARTH MATERIALS
WHICH CAN BE PENETRATED WITH A CONTINUOUS FLIGHT POWER AUGER, AND WHICH YIELDS LESS THAN
1028 BLOWS PER FOOT ACCORDING TG STANDARD PENETRATION TEST (AASHTG T206, ASTM D-1586). SOIL

WELL GRADED- INDICATES A GOOD REPRESENTATION OF PARTICLE SIZES FROM FINE TO COARSE
UNIFORM- INDICATES THAT SOIL PARTICLES ARE ALL APPROXIMATELY THE SAME SIZE.(ALSO

POORLY GRADED)
GAP-GRADED- INDICATES A MIXTURE OF UNIFORM PARTICLES OF TWO OR MORE SIZES.

HARD ROCK IS NON-COASTAL PLAIN MATERIAL THAT WHEN TESTED, WOULD YIELD SPT REFUSAL.AN INFERRED
ROCK LINE INDICATES THE LEVEL AT WHICH NON-COASTAL PLAIN MATERIAL WOULD YIELD SPT REFUSAL,

SPT REFUSAL IS PENETRATION BY A SPLIT SPOON SAMPLER EQUAL TO OR LESS THAN @.1 FOOT PER 6@ BLOWS.

IN NON-COASTAL PLAIN MATERIAL, THE TRANSITION BETWEEN SOIL AND ROCK IS OFTEN REPRESENTED BY A ZONE

CLASSIFICATION IS BASED ON THE AASHTO SYSTEM AND BASIC DESCRIPTIONS GENERALLY SHALL INCLUDE:
CONSISTENCY, COLOR, TEXTURE, MOISTURE, AASHTO CLASSIFICATION, AND OTHER PERTINENT FACTORS SUCH

ANGULARITY OF GRAINS

AS MINERALOGICAL COMPOSITION, ANGULARITY, STRUCTURE, PLASTICITY, £TC. EXAMPLE:

THE ANGULARITY OR ROUNDNESS OF SOIL GRAINS ARE DESIGNATED BY THE TERMS; ANGULAR,

OF WEATHERED ROCK.

ROCK MATERIALS ARE TYPICALLY OIVIDED AS FOLOWS:

ALLUVIUM (ALLUV. - SOILS WHICH HAVE BEEN TRANSPORTED BY WATER.

AQUIFER - A WATER BEARING FORMATION OR STRATA,

ARENACEOUS - APPLIED TO ROCKS THAT HAVE BEEN DERIVED FROM SAND OR THAT CONTAIN SAND,
ARGILLACEQUS ~ APPLIED TO ALL ROCKS OR SUBSTANCES COMPOSED OF CLAY MINERALS,

OR HAVING A NOTABLE PROPORTION OF CLAY IN THEIR COMPOSITION, AS SHALE, SLATE, ETC.
SUBANGULAR, SUBROUNDED, OR ROUNDED, WEATHERED NON-COASTAL PLAIN MATERIAL THAT YIELDS SPT N VALUES > 100 BLOWS . * d
VERY STIFF, GRAY SILV GL, JIST Wi WTERGEDOED FIE SAWD LIERS, HIWLY PLSTE, 476 ROCK (WR) PER FOOT. ARTESIAN - GROUND WATER THAT IS UNDER SUFFICIENT PRESSURE TO RISE ABOVE THE LEVEL
SOIL LEGEND AND AASHTO CLASSIFICATION MINERALOGICAL COMPOSITION pre—— FINE 70 COARSE GRAIN TGNEOUS AND METAVORFHIC RGCK THAT AT WHICH IS IS ENCOUNTERED, BUT WHICH DOES NOT NECESSARILY RISE TO OR ABOVE THE
GENERAL GRANULAR MATERIALS SILT-CLAY MATERIALS oR Rl MINERAL NAMES SUCH AS GUARTZ, FELDSPAR, MICA, TALC, KAOLIN, ETC, ARE USED IN DESCRIPTIONS ROCK (CRY WOULD YIELD SPT REFUSAL IF TESTED. ROCK TYPE INCLUDES GRANITE, GROUND SURFACE.
cLASS, (5% PASSING *200) (3857 PASSING *200) CANIC MATERIALS WHENEVER THEY ARE CONSIDERED OF SIGNIFICANCE. ?ﬁésfésggzsgésgggf;’p%%wonpmc L CALCAREQUS (CALC. - SOILS WHICH CONTAIN APPRECIABLE AMOUNTS OF CALCIUM CARBONATE.
GROUP a-3 | a-4 [ a5 la6] a7 COMPRESSIBILITY gggéCF(INYCSJ)ALLINE — SEDIMENTARY ROCK THAT WOULD YEILD SPT REFUSAL IF TESTED. ROCK Type |COLLUVIUM - ROCK FRAGMENTS MIXED WITH SOIL. DEPQSITED BY GRAVITY ON SLOPE OR AT BOTTOM
CLASS. e SLIGHTLY COMPRESSIBLE LIQUID LIMIT LESS THAN 30 INCLUDES PHYLLITE, SLATE, SANDSTONE, ETC. OF SLOPE.
MODERATELY COMPRESSIBLE LIQUID (IMIT 31-50 COASTAL PLAIN T COASTAL PLAIN SEDIMENTS CEMENTED INTO ROCK, BUT MAY NOT VIELD a B F AL MATER -
STMBOL N HIGHLY COMPRESSIBLE LIOUID LIMIT CREATER THAN 50 SEQIMENTARY ROCK [T e REFUSAL. ROCK TYPE INCLUDES LINESTONE, SANDSTONE, CEMENTED iy o on fCIElr TRCOVERED I THE FORE SARREL Svinks &7 JT8-
— LETC,
% PASSING SILT- PERCENTAGE OF MATERIAL WEATHERING DIKE - A TABULAR BODY OF IGNEQUS ROCK THAT CUTS ACROSS THE STRUCTURE OF ADJACENT
: lﬁa 3 ::isa o o GRANULAR| o ay ;lSJCl;. ORGANIC MATERIAL GRANULAR  SILT- CLAY OTHER MATERIAL ROCKS OR CUTS MASSIVE ROCK.
4 SOILS A CRGANIC MATERIAL SOILS SOILS QTHER MATERIAL
FRESH ROCK FRESH, CRYSTALS BRIGHT, FEW JOINTS MAY SHOW SLIGHT STAINING.ROCK RINGS UNDER N
= 200 15 MX[25 MX10 MX[35 M35 MX35 MXB5 MX36 MN[36 MN36 MN3G MY soiLs TRACE OF ORGANIC MATTER 2 - 3% 3- 5% TRACE 1- 1% Es HAMMER TP CRYSTALLINE. D e ANOLE AT WHICH A STRATUI OR ANY PLANAR FEATURE IS INCLINED FROM THE
LITTLE ORGANIC MATTER 3- 5% 5 - 12% LITTLE 10 - 20% )
LIQUID LIMIT 40 MX[41 MN |40 MXAL MN 148 MX 4t MN |40 MXI41 MN SOILS WITH MOOERATELY GRGANIC 5-197 12 - 20% SOME 28 - 35% VERY SLIGHT ROCK GENERALLY FRESH, JOINTS STAINED, SOME JOINTS MAY SHOW THIN CLAY COATINGS IF OPEN, OIP_DIRECTION (DIP AZIMUTH) - THE DIRECTION OR BEARING OF THE HORIZONTAL TRACE OF
PLASTIC OEX | 6 MX | N.P.jig mxli@ Mxfu M i MN 1@ Mx (10 MXQLMN UMY | jrrie on wionLy | HIGHLY ORGANIC 107 20% HIGHLY 357 AND. ABOVE (V. SLL) grzrg;ssgz& ﬁgo:?u::ecmm FACE SHINE BRIGHTLY.ROCK RINGS UNDER HAMMER BLOWS IF THE LINE OF DIP, MEASURED CLOCKWISE FROM NORTH,
GROUP INDEX [/ a MX|No M MODERATE iy : FAULT - A FRACTURE OR FRACTURE ZONE ALONG WHICH THERE HAS BEEN DISPLACEMENT OF THE
e A Mx |8 M2 MXIE WKNo R MoUNTS OF gm‘ i GROUND WATER SLIGHT ROCK GENERALLY FRESH, JOINTS STAINED AND DISCOLORATION EXTENDS INTO ROCK UP TO srné—; RELAU\?; TUO EONOE ANOTHER PARALLEL T0 THE FRACTURE. ¢
USUAL TYPESISTONE FRAGS.\ - o | o111y or CLAYEY SILTY CLAYEY GORGANIC pVA WATER LEVEL IN BORE HOLE IMMEDIATELY AFTER DRILLING. (SLI) 1 INCH, OPEN JOINTS MAY CONTAIN CLAY. IN GRANITOID ROCKS SOME OCCASIONAL FELDSPAR
OF MAJOR  |GRAVEL AND CRYSTALS ARE DULL AND DISCOLORED. CRYSTALLINE ROCKS RING UNDER HAMMER BLOWS, FISSILE - A PROPERTY OF SPLITTING ALONG CLOSELY SPACED PARALLEL PLANES,
MATERIALS | sSp  [SAND| ORAVEL AND SAND | SOILS } SOILS MATTER vy STATIC WATER LEVEL AFTER__24 _HOURS.
T MODERATE ~ SIGNIFICANT PORTIONS OF ROCK SHOW DISCOLORATION AND WEATHERING EFFECTS. IN FLOAT - ROCK FRAGMENTS ON SURFACE NEAR THEIR ORIGINAL POSITION AND DISLODGED FROM
. FAIR TO Zeu NE OR WATER BEARING STRATA MO0 GRANITOIO ROCKS, MOST FELDSPARS ARE DULL AND DISCOLORED, SOME SHOW CLAY. ROCK HAS PARENT MATERIAL.
asa EXCELLENT TO GOOD FAIR TO POOR PooR POOR | UNSUITABLE PERCHED WATER, SATURATED ZONE OULL SOUND UNDER HAMMER BLOWS AND SHOWS SIGNIFICANT LOSS OF STRENGTH AS COMPARED
SUBGRADE FLOOD PLAIN (F.P,) - LAND BORDERING A STREAM, BUILT OF SEDIMENTS OEPOSITED 8Y
Qfmf\. SPRING OR SEEPAGE WITH FRESH ROCK. THE STREAM,
PLOF A-7-5=L.l.- 30 :P.I.OF A-7-6 >1L.L.- 30 MODERATELY ALL ROCK EXCEPT OQUARTZ DISCOLORED OR STAINED. IN GRANITOID ROCKS, ALL FELDSPARS DULL ’
CONSISTENCY OR DENSENESS MISCELLANEQUS SYMBOLS SEVERE AND DISCOLORED AND A MAJORITY SHOW KAOLINIZATION. ROCK SHOWS SEVERE LOSS OF STRENGTH _FORMATION (FM.) - A MAPPABLE GEOLOGIC UNIT THAT CAN BE RECOGNIZED AND TRACED IN
COMPACTNESS OF RANGE OF STANDARD RANGE OF UNCONFINED P (MOD. SEV.)  AND CAN BE EXCAVATED WITH A GEOLOGIST'S PICK. ROCK GIVES 'CLUNK' SOUND WHEN STRUCK. THE FIELD.
PRIMARY SOIL TYPE CONSISTENCY PENETRATION RESISTENCE COMPRESSIVE %TRENGTH RGADWAOY E%BAN!;M[E?TN ger an TEST BORING SAMPLE IF_TESTED, WOULD YIELD SPT REFUSAL JOINT - FRACTURE IN ROCK ALONG WHICH NO APPRECIABLE MOVEMENT HAS OCCURRED.
L VALUE) TONS/FF ) WITH SOIL DESCRIPTIO DESIGNATIONS SEVERE AL ROCKS EXCEPT QUARTZ DISCOLORED OR STAINED. ROCK FABRIC CLEAR AND EVIDENT BUT REDUCED| .o _ » crpLr-LIKE RIDGE OR PROJECTION OF ROCK WHOSE THICKNESS IS SMALL COMPARED 10
VERY LOOSE <4 AUGER BORING (SEV.) IN STRENGTH TO STRONG SOIL. IN GRANITOID ROCKS ALL FELDSPARS ARE KAOLINIZED TO SOME
gé’;ﬁﬁi;;* LOOSE 47010 SOIL. SYMBOL S~ BULK SAMPLE EXTENT, SOME FRAGMENTS OF STRONG ROCK USUALLY REMAIN, ITS LATERAL EXTENT.
MATERTAL MEDIUM DENSE 18 10 30 N/a ARTIFICIAL FILL OTHER THAN i S5~ SPLIT SPOON IF_TESTED, YIELDS_SPT N VALUES ) 108 BPE LENS - A BODY OF SOIL OR ROCK THAT THINS OUT IN ONE OR MORE DIRECTIONS,
M-LOHE 317E) cDENSE 30 TO 59 ROADWAY EMBANKMENTS 'Q‘ CORE BORING SAMPLE VERY SEVERE ALL ROCK EXCEPT OUARTZ DISCOLORED OR STAINED. ROCK FABRIC ELEMENTS ARE DISCERNISLE RuT |MOTTLED (MOT.)- IRREGULARLY MARKED WITH SPOTS OF DIFFERENT COLORS.MOTTLING IN
VERY DENSE >58 o . ! . ST- SHELBY TUBE V. SEV.) THE MASS 1S EFFECTIVELY REDUCED TO SOIL STATUS, WITH ONLY FRAGMENTS OF STRONG ROCK SOILS USUALLY INDICATES POOR AERATION AND LACK OF GOOD DRAINAGE,
VERY SOFT @ .25 T T TNRRRED SOLEONARES 8y wowrtoming weLL SAMPLE REMAINING. SAPROLITE IS AN EXAMPLE OF ROCK WEATHERED TO A DEGREE SUCH THAT ONLY MINOR | PERCHED WATER - WATER MAINTAINED ABOVE THE NORMAL GROUND WATER LEVEL BY THE PRESENCE OF AN
. o o o
GENERALLY SOFT 270 4 225 10 8.5 S rrs INEFRED FALK Uit R RS- ROCK SAMPLE VESTIGES OF THE ORIGINAL ROCK FABRIC REMAIN. IF_TESTED, YIELDS SPT N VALUES < 18@ BPF | INTERVENING IMPERVIOUS STRATUM
SILT-CLAY MEDIUM STIFF pES 25 T0 1 A NsTALLATION COMPLETE  ROCK REOUCED TO SOIL. ROCK FABRIC NOT DISCERNIBLE, OR DISCERNIBLE ONLY IN SMALL AND RESIOUAL SOIL - SOIL FORMED IN PLACE BY THE WEATHERING OF ROCK.
b:f;ss I‘?Iiu VEFS;-YW;IFF 158 To0 31; 1720 z TTreet Aifib ST BTRDERY R Rr%g;df:fTsEADMPLE SCATTERED CONCENTRATIONS. QUARTZ MAY BE PRESENT AS DIKES OR STRINGERS. SAPROLITE IS ROCK QUALITY DESIGNATION (R.0.0. - & MEASURE OF ROCK GUALITY DESCRIBED BY: TOTAL LENGTH OF
: HARD >38 2 o 26/825 O SLOPE INDICATOR ALSO AN EXAMPLE. ROCK SEGMENTS EGUAL TO OR GREATER THAN 4 INCHES DIVIGED BY THE TOTAL LENGTH OF CORE RUN AND
DIP/DIP DIRECTION OF INSTALLATION CBR - CBR SAMPLE
TEXTURE OR GRAIN SIZE ROCK STRUCTURES ROCK HARDNESS EXPRESSED AS A PERCENTAGE,
PT N-VA -
O s LE VERY HARD ~ CANNOT BE SCRATCHED BY KNIFE OR SHARP PICK. BREAKING OF HAND SPECIMENS REQUIRES SAPROLITE (SAP.) - RESIDUAL SOIL WHICH RETAINS THE RELIC STRUCTURE OR FABRIC OF THE
U.S. STD. SIEVE SIZE < 12 @ e 2w 27 @ - SCUNDING ROD @EP)— SPT REFUSAL SEVERAL HARD BLOWS OF THE GEOLOGISTS PICK. PARENT ROCK.
SILL - AN Y OF IGNEOUS ROCK OF APPROXIMATELY UNIFORM THICKNESS AND
e e L7020 per 9T AmE DS ABBREVIATIONS HARD CAN 31? SCRATCSESPEE[ ﬁgﬁFE OR PICK ONLY WITH DIFFICULTY. HARD HAMMER BLOWS REGUIRED REIL‘-ATIVELYINTT:I%SE’SMI?ERDED WITH ITS LATERAL EXTENT, wmc:LHAs BIEEN EMPLACED PARALLEL
: 5 LIARSE Fite 5 7O DETACH HAN g T0 THE BEDDING OR SCHISTOSITY OF THE INTRUDED ROCKS
5@%’?‘ L?Lﬁq%)t uflfpl?L sern sern ?ItT) vl AR - AUGER REFUSAL PMT - PRESSURENETER TEST MODERATELY CAN BE SCRATCHED BY KMIFE OR PICK. GOUGES OR GROOVES TO 8.25 INCHES DEEP CAN BE SLICKENSIDE - POLISHED AND STRIATED SURFACE THAT RESULTS FROM FRICTION ALONG A FAULT OR
. 3 . P N St! . - - -
3 w3k, 3N (. 3N ?T - sﬁ;tmc TERMINATED ggF- s;sa:; Zi;gi% HARD EXCAVATED BY HARD BLOW OF A GEOLOGISTS PICK. HAND SPECIMENS CAN BE DETACHED SUIP PLANE
SREIN M A% 7% 2.0 22%E 2.05 2.005 L. - CLAY . - SAND, BY MODERATE BLOWS, ’
) . : - .- SILT, SILTY - P.F.
e : Sor. - Comor o TR i~ ity MEDIM  CAN BE GROOVED OR GOUGED 85 INCAES DEEP 8 FI PRESSURE 0F KIFE o8 Pick Pont. | ST RN T R lTRED To PRODUCE A PENETRATION OF 1 FOOT INTO SOIL Wl
SOIL MOISTURE - CORRELATION OF TERMS DMT - DILATOMETER TEST TCR - TRICONE REFUSAL ARD POINT OF A GEGLOGISTS PICK oW A 2 INCH OUTSIDE DIAMETER SPLIT SPOON SAMPLER. SPT REFUSAL IS LESS THAN 0.1 FOOT PENETRATION
DPT - DYNAMIC PENETRATION TEST . : WITH 6@ BLOWS.
O Le TR ocaLE FIELD HoISTuRE GUIDE FOR FIELD MOISTURE DESCRIPTION o - VOID RATIO 7 - o welGHT SOFT CAN BE GROVED OR GOUGED READILY BY KNIFE OR PICK, CAN BE EXCAVATED IN FRAGMENTS :
e Y4 - DRY UNIT WEIGHT FROM CHIPS TO SEVERAL INCHES IN SIZE BY MODERATE BLOWS OF A PICK POINT. SMALL. THIN STRATA CORE RECOVERY (SPEC) - TOTAL LENGTH oF STRATA MATERIAL RECOVERED DIVIDED BY TOTAL LENGTH
- SATURATED - USUALLY LIQUID; VERY WET, USUALLY FOSS. - FOSSILIFEROUS W - MOISTURE CONTENT PIECES CAN BE BROKEN BY FINGER PRESSURE. a ) RE OF ROCK QUALITY DESCRIBED 8
: . . - T ATION (SRO.D) - A MEASU 0CK QUALITY 2
(SAT) FROM BELOW THE GROUND WATER TABLE iyl i vor o VERY CAN BE CARVED WITH KNIFE. CAN BE EXCAVATED READILY WITH FOINT OF PICK. PIECES 1 INCH ?g‘;iIAnggﬁﬁog?L;toYCKDEsSEIGGSEJg wlSTHIN A STRATUM EQUAL TO OR GREATER THAN 4 INCHES DIVIDED BY THE
L | LiouD LMt F:AGS- - FRAGMENTS VST - VANE SHEAR TEST SOFT OR MORE IN THICKNESS CAN BE BROKEN BY FINGER PRESSURE. CAN BE SCRATCHED READILY BY TOTAL LENGTH OF STRATA AND EXPRESSED AS A PERCENTAGE.
PLASTIC MED. - MEDIUM FINGERNAIL, ’
SEMISOLIO; REQUIRES ORYING TO TOPSOIL (1.5.)~ SURFACE SOILS USUALLY CONTAINING ORGANIC MATTER.
RaE - WET - ) ATTAIN OPTIMUM MOISTURE EQUIPMENT USED ON SUBJECT PROJECT FRACTURE SPACING BEDDING a—
sl L PLasTIc LiMiT HOMMER TYPE: TERM SPACING IERM THICKNESS BENCH_MARK;
DRILL UNITS: ADVANCING TOOLS: : :
VERY WIDE MORE THAN 10 FEET VERY THICKLY BEDDED > 4 FEET
oM_ OPTIMUM MOISTURE - MOIST - (M) SOLID; AT OR NEAR OPTIMUM MOISTURE D cLay BITS D AUTOMATIC MANUAL iE 310 10 PEET THICKLY BEDDED 15 - 4 FEET
SL{ SHRINKAGE LIMIT L] woswes MODERATELY CLOSE 170 3 FEET FHINLY BEDOED 046 - 1.5 FEET
D &' CONTINUOUS FLIGHT AUGER N CLOSE 048 T0 1 FEET VERY THINLY BEDDED 8.03 - 016 FEET
- ORY - @ REQUIRES ADDITIONAL WATER TO CORe SIz&: VERY CLOSE LESS THAN 0.16 FEET THICKLY LAMINATED 0,008 - 2,03 FEET NOTES:
ATTAIN OPTIMUM MOISTURE [ wo X & HoLLow aucers [ - THINLY LAMINATED < 0.088 FEET
PLASTICITY [ cess [] o Faceo FeR aiTs e INDURATION
a FOR SEQIMENTARY ROCKS, INDURATION IS THE HARDENING OF THE MATERIAL BY CEMENTING, HEAT, PRESSURE, ETC.
PLASTICITY INDEX (PD) DRY STRENGTH (] ronc.-comsioe InseRTs
NONPLASTIC 2-5 VERY LOW X cve-sse " e FRIABLE RUBBING WITH FINGER FREES NUMEROUS GRAINS;
LW PLASTICITY 615 SLIGHT [ casne [ wr aovancer S oS GENTLE BLOW BY HAMMER DISINTEGRATES SAMPLE.
MED, PLASTICITY 16-25 MEDIUM . :
HIGH PLASTICITY % OR MORE iGh [ eomrasLe HaisT (] Tricone 3 STEEL TEETH [] eost HoLe orccer MODERATELY INDURATED GRAINS CAN BE SEPARATED FROM SAMPLE WITH STEEL PROBE:
0 [ weno aucer BREAKS EASILY WHEN HIT WITH HAMMER,
TRICONE * TUNG.-CARB. HAND AU
COLOR D NTHek — D SOUNDING ROD INDURATED GRAINS ARE DIFFICULT TO SEPARATE WITH STEEL PROBE;
DESCRIPTIONS MAY INCLUDE COLOR OR COLOR COMBINATIONS (TAN, RED, YEL-BRN, BLUE-GRAY) CORE BIT [] vane seen test DIFFICULT TO BREAK WITH HAMMER.
MODIFIERS SUCH AS LIGHT, DARK, STREAKED, ETC. ARE USED TO DESCRIBE APPEARANCE. [ omer [} omer EXTREMELY INDURATED SHARP HAMMER BLOWS REQUIRED TO BREAK SAMPLE;
D THek SAMPLE BREAKS ACROSS GRAINS.




April 11, 2007

Mr. Kevin Austin, P.E.
Mulkey Engineers and Consultants

6750 Tryon Road
Cary, NC 27511
Re: Geotechnical Subsurface Exploration Report
Project ID.: R-4906
County: Person County
Description: Bridge No. 86 on SR 1322 over Ghent Creek

Tierra Inc. Proj. No.: 6211-07-005

Dear Mr. Austin:

As authorized, Tierra, Inc. (Tierra) has completed the geotechnical subsurface exploration for
Bridge No. 86 on SR 1322 over Ghent Creek in Person County, North Carolina. Our investigation
was performed in general accordance with our proposal number TR-07-007, dated January 19,
2007. The purpose of this report is to present subsurface conditions and foundation design
recommendations for the planned structure. Field and laboratory test results, site and boring
location plans, and profiles depicting subsurface conditions may be found in this report.

PROJECT DESCRIPTION

According to the Bridge Survey and Hydraulic Design Report dated September 2006, the
referenced project intends to replace the existing H-pile supported bridge spanning Ghent Creek.
The proposed replacement structure is to consist of a two span, three bent bridge and will be
approximately 125 feet long. The structure is planned to be located between Station 14+31 and
Station 15+56, and have a skew angle of 135°. Information provided by Mulkey Engineers and
Consultants indicates that the caps will be at elevations of about 382 feet and the finished grade of
the structure at or near existing grade. Bridge embankments will be reconstructed with Class II Rip

Rap. A 100 year design scour elevation of approximately 369 feet was indicated on the Bridge
Survey and Hydraulic Design Report.

If any of the above information is incorrect or has changed, please inform Tierra so that we may
amend the recommendations presented in this report if appropriate.

SITE DESCRIPTION/GEOLOGY

The project site is located along SR 1322 in a rural area, approximately 5 miles outside the city
limits of Roxboro, North Carolina in Person County. Ghent Creek flows to the northeast beneath
SR 1322 into Hyco River, approximately 3.5 miles downstream. A small tributary flows into
Ghent Creek just upstream of the existing bridge, near end bent 2.

2736 Rowland Road * Raleigh, North Carolina 27615
Phone (919) 871-0800 = Fax (919) 871-0803

Topographically, the site is relatively flat to rolling, ascending in elevation to the northeast past the
floodplain boundaries. The southeast topography is dominated by the well developed floodplain up
to the existing railroad tracks. Ghent Creek is approximately 40-45 feet wide and 3 to greater than
6 feet deep during our investigation. The existing floodplain is approximately 900 feet wide.
Floodplain cover consists of grass, shrubs, and moderate to old growth trees.

The project site is located in the Piedmont Physiographic Province of North Carolina, near
Roxboro, North Carolina. The Geologic Map of North Carolina (1985) indicates the bridge site is
located within the Milton Belt. Specifically the site is within the Biotite Gneiss and Schist
Formation (€Zbg). Rocks of this formation are Late Proterozoic to Cambrian in age and contain
biotite gneiss interlayered with calc-silicate rock, mica schist and amphibolite. The rocks
encountered at the site consist of amphibolite. No rock outcropping was noted within project
limits.

FIELD EVALUATION PROCEDURE

The subsurface exploration consisted of performing five (5) soil test borings along the proposed
end and interior bent lines. Borings were performed with a CME 550 All Terrain Vehicle (ATV)
with a manual hammer. Standard Penetration Tests (SPT) and soil sampling were performed in
general accordance with American Association of State Highway Transportation Officials
(AASHTO T-206-87). Rock coring was performed in accordance with (AASHTO T-225-83
(2000)) procedure utilizing a 2.0-inch diameter NQ size core barrel.

Groundwater measurement readings were taken within each borehole with a weighted 100-foot
measuring tape from a reference location at the top of each boring. Readings were recorded
immediately after boring termination and after a 24-hour waiting period. Each borehole elevation
was estimated based on topographic contour maps provided by Mulkey Engineers and Consultants.

In addition to our subsurface investigation, a visual scour evaluation was performed along the
channel and banks of Ghent Creek and is included in the Appendix of this report.

SUBSURFACE AND GROUNDWATER CONDITIONS

Subsurface soils penetrated beneath the site consist of roadway embankment soil underlain by
alluvial deposits with occasional residual soils, followed by weathered rock and crystalline rock.

End Bents

Soils beneath End Bents No.1 and 2 consist of roadway embankment, alluvial deposits and
residual soils. Roadway embankment soils were encountered at the ground surface and consist of
approximately 3.5 to 6.5 feet of medium stiff to stiff sandy/clayey silt (A-4) with gravel and loose
clayey sand (A-2-6) with gravel. Alluvial deposits were encountered below the roadway
embankment and extended to elevations ranging from approximately 366 to 373 feet. These soils
consist of very loose to medium dense sandy gravel and silty/clayey sand (A-1-a, A-2-4, A-2-6),
and soft to stiff sandy/silty clay and clayey silt (A-6, A-4). Approximately 2 feet of residual soil
was encountered in Boring EB1B at an elevation of approximately 366 feet and consists of very
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dense silty sand (A-2-4). Amphibolite weathered rock was encountered at elevations ranging from
approximately 364 to 374 feet and underlain by Amphibolite crystalline rock at elevations of
approximately 355 to 371 feet.

Interior Bents

Soils beneath Interior Bent No.1 consist of alluvial deposits and residual soils. Alluvial deposits
were encountered at ground surface and extended to an elevation of approximately 365 feet. These
soils consist of very loose to medium dense sandy gravel and silty sand (A-1-a, A-2-4). Residual
soil was encountered in Boring B1A at an elevation of approximately 365 feet and consists of
dense silty sand (A-2-4), saprolitic. Amphibolite weathered rock was encountered at elevations
ranging from approximately 354 to 365 feet and underlain by Amphibolite crystalline rocks at
elevations of approximately 342 to 353 feet.

Groundwater across the site ranged in elevation between approximately 378 to 380 feet. Standing
water below the bridge, at the time of our investigation, was approximately 3 feet deep.

LABORATORY TESTING

Representative split-spoon samples were selected from soil test borings to verify visual field
classifications and determine soil index properties. A total of six (6) samples were analyzed in our
laboratory for natural moisture determination, Atterberg limits, and grain size analysis. In
addition, representative channel and bank samples obtained from spilt-spoon samples were
analyzed for grain size distribution. Two rock core samples were tested for compressive strength
testing. All testing was performed in accordance with the following American Society for Testing
and Materials (ASTM), (NCDOT) Modified and/or (AASHTO) procedures:

AASHTO T-88-00 (As Modified) “Particle Size Analysis of Soil”

AASHTO T-89-902(As Modified) “Determining the Liquid Limits of Soil”
AASHTO T-90-00 “Determining the Plastic Limit and Plasticity of Soils”
AASHTO T-265-93 “Laboratory Determination of Moisture Content of Soils”
ASTM D 2938-95 “Unconfined Compressive Strength of Intact Rock Core”
ASTM D 3148-02 “Elastic Moduli of Intact Rock Core in Uniaxial Compression”

e o ¢ o o o

The results of the laboratory testing indicate that the site soils tested ranged from silty sand (A-2-4)
to clayey silt and silty clay (A-4 and A-6).

CONCLUSIONS

The results of our subsurface investigation indicate that the subsurface conditions consist
predominately of thick deposits (i.e. 12 to 23 feet) of alluvial and residual soils of very loose to
dense sands and very soft to stiff silts and clays, underlain by weathered rock and crystalline rock.
Weathered rock was encountered at elevations of approximately 354 to 374 feet and underlain by
crystalline rock at elevations of approximately 342 to 371 feet. In addition, shallow groundwater
was encountered at elevations ranging from 378 and 380 feet. Considering the presence of shallow
groundwater and thick deposits of potentially compressible alluvial and residual soils, a
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combination of driven piles and drilled piers bearing on weathered and/or crystalline rock are
anticipated for the bridge structure.

FOUNDATION RECOMMENDATIONS

Based on the depth to competent bearing material, the end bents for the proposed bridge may be
supported by driven HP 12x53 steel piles and interior bent by 36 inch diameter drilled piers. The
piles for the end bents may be designed using an allowable capacity of 45 tons with a safety factor
of 2. The allowable pile capacities were estimated utilizing static methods and the actual capacity
of the piles should be verified during installation using pile driving criteria, from wave equation
analysis, established by the Geotechnical Engineer. The piers for the interior bent should be
designed to bear in weathered rock and/or crystalline rock and designed using an allowable
capacity of 190 tons with a safety factor of 2.5. For more information, refer to the attached
“Summary of Foundation Recommendations”.

The piles/piers shall be spaced at a minimum of three times the diameter to prevent reductions due
to group effects. During construction of the end bent caps, the embankment soils should be laid
back at no steeper than (2H:1V) or as required by OSHA. Temporary shoring may also be
required. Backfill behind the end bent caps shall be replaced in accordance with Section 410-8 and
410-9 of the Standard Specifications. :

From the information provided, we understand the structure will be constructed at or near existing
site grades. Provided that the embankments are constructed in accordance with NCDOT
specifications and suitable slope protection measures are incorporated, the slopes may be
reconstructed as planned.

CLOSURE

Recommendations and evaluations provided by Tierra are based on the Bridge Survey &
Hydraulic Design Report dated September 2006, and information provided by Mulkey Engineers
and Consultants. Modifications of our recommendations and evaluations may be required if there
are changes to the design or location of the structure. Recommendations in this report are based on
data obtained from soil borings. The nature and extent of variations between borings may not
become evident until construction.

Our professional services for this project have been performed in accordance with generally

accepted engineering practices. No other warranty, expressed or implied, is made. Tierra

appreciates this opportunity to have provided you with geotechnical engineering serviga%?i&’ ‘
«

project. If you have any questions regarding this report, please contact our office. ~)\\Q~

Sincerely,
TIERRA, INC.

— L
@gwoon (Sean) Han, IJh.D., P.E.
Geotechnical Engineer
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SUMMARY OF FOUNDATION RECOMMENDATIONS

NCDOT PROJ. NO.: R-4906 PROJECT DESCRIPTION: Bridge # 86 on SR 1322 over
T.LP.NO.: Ghent Creek
COUNTY: Person
STATION: 14+93.5 -L-
PREPARED BY: SWH DATE: 3/27/07
CHECKER: GWL DATE: (-// ll [ <
FOUNDATION ALLOWABLE FOUNDATION
STATION TYPE LOAD DETAILS
END Capon Assumed Bottom of Cap = 383 ft +
BENT 1 14431 -L- HP 12653 Sec 45 tons/Pile Recommended Longth of Pile = 25 f
Pile
Assumed Bottom of Cap =382 ft +
Assumed Top of Pier =379 ft
BENT 1 s ) . Tip Elevation No Higher Than = 349 ft (LT)
. 14491 -L- 36” Drilled Pier 190 tons/Pier Tip Elevation No Higher Than = 354 ft (RT)
Recommended Length of Pier = 30 ft (LT)
Recommended Length of Pier =25 ft (RT)
END Cap on
. Assumed Bottom of Cap =382 ft +
BENT 2 15+56 -L- HP 12}1)251: Steel 45 tons/Pile Recommended Length of Pile = 15 ft
COMMENTS & NOTES (Attached)

R-4906, Person County

Bridge # 86 on SR 1322 over Ghent Creek
6211-07-005

Note on Plans:

L.

7.

8.
9

Drive piles at End Bents No.land2toa required bearing capacity of 90 tons per pile. The required
bearing capacity is equal to the allowable bearing capacity with a minimum factor of safety of two.
The allowable bearing capacity for piles at End Bents No. 1 and 2 is 45 tons per pile.

. Drilled piers at Bent No. 1 are designed for both skin friction and end bearing. Check field conditions

for the required end bearing capacity of 20 tsf.

Drilled piers at Bent No.1 are designed for an applied load of 185 tons at the top of the column.
Permanent steel casing is required for drilled piers at Bent No. 1. Do not extend the casing below
elevation 354 ft (left side) and 365 ft (right side) without prior approval from the Engineer. See Drilled
Piers Special Provision. _ : _

Drilled piers at Bent No. 1 shall extend to an elevation no higher than 349 ft (left side) and 354 ft (right
side), satisfy the required end bearing capacity and have a minimum penetration of 5 ft into rock (left
side) and 11 ft into weathered rock (right side) as defined by the Drilled Piers Special Provision.

The scour critical elevation for Bent No. 1 is elevation 366 ft. Scour critical elevations are used to
monitor possible scour problems during the life of the structure.

For drilled piers, see Drilled Piers Special Provision.

SPT testing is not required to determine the end bearing capacity of the drilled piers at Bent No. 1.

10. Do not use slurry construction for drilled piers at Bent No. 1.
11. Do not use polymer slurry for drilled piers at Bent No. 1.
12. CSL tubes are required and CSL testing may be required for the drilled piers. The Engineer will

determine the need for CSL testing. See Crosshole Sonic Logging Special Provision.

Comments:

1.

2.
3.

1.5 :1 (H:V) slope is Ok with Class II Rip Rap slope protection.
The elevation of the point of fixity for Bent No. 1 is 352 ft (left side) and 359 ft (right side).
Design scour elevation for Bent No. 1 is 369 ft.



DRILLED PIER PAY ITEM QUANTITIES

PROJECT NO. R-4906 DATE 3/26/2007
TIP NO. DESIGNED BY SWH
COUNTY Person | CHECKED BY GWL
STATION
DESCRIPTION Bridge # 86 on SR 1322 over Ghent Creek
NUMBER OF BENTS WITH DRILLED PIERS 1
NUMBER OF PIERS PER BENT 3
DRILLED PIER PAY ITEMS
PERMANENT
STEEL CASING 36" DIA. CROSSHOLE
FOR 36" DIA. |DRILLED PIERS| SPT SID . SONIC CSL
DRILLED PIER| NOTIN SOIL |TESTING|INSPECTION| LOGGING* | TUBES*
BENT # (_yes/no/maybe) (feet) (each) (each) (each) (yes/no)
1 YES 30 0 0 0 "YES
5 :
3
4
5
6
7
8
9
10 _ —
TOTALS 30 0 0 0

* Pay items, "Crosshole Sonic Logging" and "CSL Tubes" are not required unless CSL testing is required with a Note on Plans.

Notes:
Blanks or no represent quantity of zero.

If permanent steel casing is required or may be required, Structure Design should calculate the pay item quantity, "Permanent Steel -
Casing for __ Dia. Drilled Pier", as the difference between the top of drilled pier elevation or the top of permanent steel casing
elevation (whichever is lower) and the elevation the permanent steel casing can not extend below as shown with a Note on Plans.

Structure Design should d_etermine the pay item quantity, " Dia. Drilled Piers in Soil", based upon the total drilled pier length

per bent minus the "___ Dia. Drilled Piers not in Soil" per bent shown in the table above.

If CSL tubes are required, Structure design should calculate the pay item quantity, "CSL Tubes", as follows:

"CSL Tubes" per bent = (drilled pier length + 2.5 feet) x number of CSL tubes per pier

The number of CSL tubes per pier is dependent upon the drilled pier diameter. For drilled piers with a dlameter of 5 feet or less,

use 4 tubes. For drilled piers with a diameter greater than 5 feet, use 6 tubes.
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N.C.D.O.T. GEOTECHNICAL UNIT

BORING LOG
TI ERRA 2736 ROWLAND ROAD o

aeommucn. - wyroins]  RALEIGH, NORTH CAROLINA 27615
ENGINEERING Phone (919) 871-0800 Fax (919) 871-0803

SHEET 1 OF 1
PROJECT NO. 6211-07-005 ] ID. ] COUNTY PERSON COUNTY, NC ‘ GEOLOGIST C. BRUINSMA
SITE DESCRIPTION BRIDGE #86 ON SR 1322 OVER GHENT CREEK ‘ GROUND WATER (ft)
BORING NO. EB1B [ BORING LOCATION 14+10 OFFSET 15'RT l ALIGNMENT 0 HR. 6.0
COLLAR ELEV. 386 ft | NORTHING EASTING 24 HR. 5.8
TOTAL DEPTH 30.5ft DRILL MACHINE CME 550 ATV J DRILL METHOD HSA HAMMER TYPE MANUAL
DATE STARTED 3-5-07 l COMPLETED 3-5-07 ] SURFACE WATER DEPTH N/A '
ELEV. | DEPTH|  BLOW COUNT BLOWS PER FOOT samp.| V¥ ('-) SOIL AND ROCK DESCRIPTION
@ | @ |[ostfose|ose|0O 20 4 60 8 100 NO. | /ol G '
386.0 EXISTING GROUND 386.0 0.
1.0 T 2859 \ROOIMAT
385 7 £ 3 M LB RDWY EMB: BROWN, STIFF, SANDY SILT
A b (A-4) WITH GRAVEL
L
3 L4 3825 3.5
L 42 \ ALLUV: BROWN MOT ILED, MED. STIFF,
L 4 3 5 SS-1 [22.1% \_ SANDY CLAY (A-6)
: 6.0 NY-
380 ) ) 3 W 3795 6.5
- ALLUV: BROWN TO DARK GRAY, LOOSE,
i SILTY SAND (A-2-4)
L 92
- 2 2 6 w
375+
I 120
ALLUV: DARK GRAY, LOOSE, CLAYEY SAND
- (A-2-6) :
L 142
i 4 4 6 w 152
' ALLUV: BROWN AND GRAY, STIFF, SANDY
3704 CLAY (A-6)
: 18.0
192 gu.u\y: GRAY, MED. DENSE, SANDY :
R w RAVEL (A-12) 204
RES: BLACK AND WHITE, V. DENSE, SILTY
365 SAND (A-2-4) : wd
i 02 WR: BLACK AND WHITE, AMPHIBOLITE )
1 24
[ 242 A
i 50 | 5073 M i
3601 ;9-2_
[ 3|
- "
1 a5 | % 21 3sss 308
. 6070 — AUGER REFUSAL AT 30.5' ON CR:
X | AMPHIBOLITE
i L L

NCDOT_BCRE 07-005 BRIDGE 86.GPJ NCDOT.GDT 4/11/07




N.C.UULE. BEVUITECOHNIVAL UNILI

BORING LOG
. TI ERRA 2736 ROWLAND ROAD
sl o s o 19 Ao
SHEET 1 OF 1

PROJECT NO. 6211-07-005 | ID. | COUNTY PERSON COUNTY,NC | GEOLOGIST C.BRUINSMA
SITE DESCRIPTION BRIDGE #86 ON SR 1322 OVER GHENT CREEK GROUND WATER (ft)
BORING NO. B1A l BORING LOCATION 14+97 OFFSET 6'LT I ALIGNMENT 0 HR. N/A
COLLARELEYV. 377 ft NORTHING EASTING 24 HR. N/A

TOTAL DEPTH 34.0 ft DRILL MACHINE CME 550 ATV ‘ DRILL METHOD HSA I HAMMER TYPE MANUAL

DATE STARTED 3-7-07 I COMPLETED 3-7-07 ‘ SURFACE WATER DEPTH 0.7

ELEV. |DEPTH|  BLOW COUNT BLOWS PER FOOT samp.|W /] L
0 SOIL AND ROCK DESCRIPTION
() | ) | osit| osft| 05k |0 20 40 60 80 100 NO. | /ol G

3770 EXISTING GROUND __ 00

0.0 1 WOH| 1 ALLUV: BROWN, V. LOOSE, SAND (A-2-4)
WITH ORGANICS, WOOD LAYERS FROM 5.0

TO8.0'

LY/ S N N

165
370+ 100/.5
| 10.5
: ALLUV: BROWN, SANGY GRAVEL (A1) |
e N I P s S RES: GREEN, DENSE, CLAYEY SILTY SAND
- (A-2-4) SAPROLITIC
171
T a7 | 24 | 31
1 221
35 77| 833 228
T 27 WR: GREEN AND GRAY, AMPHIBOLITE 23
T 6070 CR: BLACK, GRAY AND GREEN, V. SLI.
WEATH. TO FRESH, HARD TO V. HARD, V.
i CLOSE TO WIDELY FRACT. AMPHIBOLITE
350+
345+
340

CORING TERMINATED AT-34.0' IN CR:
T g AMPHIBOLITE

NCDOT_BORE 07-005 BRIDGE 86.GPJ NCDOT.GDT 4/11/07

CORE BORING REPORT

DATE:  3/7/2007
PROJECTNO.: 6211-07-005 LD.NO.: BORING NO: B1A GEOLOGIST: C. BRUINSMA
DESCRIPTION: BRIDGE #86 ON SR 1322 OVER GHENT CREEK
COUNTY: PERSON COLLARELEV.: 377 TOTALDEPTH: 340 FT
DRILT REC RQD
ELEV. | DEPTH | RATE [RUN| FT FT |sAamp FIELD CLASSIFICATION AND REMARKS
(FT) (FT) | MINFT | (FT) % % #
353.3 237 | 5:10/0.3 23.7-34.0 CR: BLACK, GRAY AND GREEN, V. SLI. WEATH.
0.3/0.3 | 0.0/0.3 TO FRESH, HARD TO V. HARD, V. CLOSE. TO
03 WIDELY FRACT., AMPHIBOLITE
100% 0%
353.0 24.0 '
353.0 240 | 500 RS-1
5:30 5.0/5.0 | 3.9/5.0
530 | 5.0
4:15 100% 78%
348.0 29.0 4:50
348.0 29.0 3:00 .
2:45 5.0/5.0 | 5.0/5.0
315 | 5.0
3:30 100% | 100%
343.0 34.0 3:15 _ STRATAREC =100% STRATA RQD = 86%

CORING TERMINATED AT 34.0 FT

ELEVATION _ 343.0 FT

DRILLER:_S. GOWER

CORE SIZE: NQ

EQUIPMENT: CME 550 ATV




0 0.5 1.0’ 1.5° 2.0° | 0.0° 0.5’ 1.0° 1.5° 2.0°

<

Boring B1A, Box 1 of 2, 23.7 feet to 32.0 feet. Boring B1A, Box 2 of 2, 32.0 feet to 34.0 feet.

SCALE 1:40 (17=4”)

ROCK CORE PHOTOGRAPHS

BRIDGE # 86 ON SR 1322 OVER GHENT CREEK
PERSON CO., NC
NCDOT PROJECT #: R-4906
TIERRA PROJECT #: 6211-07-005
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NCDOT_BORE COPY OF 07-005 BRIDGE 86.GPJ NCDOT.GDT 4/11/07

IR
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BORING LOG
IERRA 2736 ROWLAND ROAD
GEOTECHNICAL » Mmmsl RALEIGH, NORTH CAROLINA 27615
ENGINEERING Phone (919) 871-0800 Fax (919) 871-0803 SHEET 1 OF 1
PROJECT NO. 6211-07-005 l ID. ‘ COUNTY PERSON COUNTY, NC I GEOLOGIST C. BRUINSMA
SITE DESCRIPTION BRIDGE #86 ON SR 1322 OVER GHENT CREEK ‘ i GROUND WATER (ft)
BORING NO. B1B l BORING LOCATION 14+82 OFFSET 9'RT i ALIGNMENT 0 HR. N/A
COLLARELEV. 377 ft NORTHING 0.0 EASTING 100.0 |24 HR. N/A
TOTAL DEPTH 43.7 ft DRILL MACHINE CME 550 ATV l DRILL METHOD HSA l HAMMER TYPE MANUAL
DATE STARTED 3-5-07 J COMPLETED 3-6-07 l SURFACE WATER DEPTH 0.8 ‘
L
ELEV. | DEPTH|  BLOW COUNT BLOWS PER FOOT samP.|'W 5 SOIL AND ROCK DESCRIPTION
() | () | osf | ost | 050 |9 20 4 60 8 100 NO. | /Mol G
377.0 EXISTING GROUND 3770 0.0
; ALLUV: TAN, V. LOOSE SAND (A-1-b)
375+ bl b
| 62 L ar10 60
5 2 1 SS3 | w ALLUV- GRAY, V. LOOSE, SILTY SAND
370—- @B T Tttt e ( A‘Z _4) WITH ORGANICS R
I '.T'_'_'_'ﬁﬁliﬁilllﬁlﬁﬁjjﬁ ) od
. ALLUV: GRAY, MED. DENSE, SANDY
S L T S R GRAVEL ( A-1 _a)
L 112 | 1 b b .
3651 8 \mwst VL w REEY 3est 1.9
o TOOM £ WR: BLACK AND WHITE TO TAN AND
S L L T A -j}' GREEN, AMPHIBOLITE
S L e e =Zah
I e L 2l
16.2 22
- N A N T T T T R T N T ) %-
3604 100040 b 100,49 w g/‘_
B S L e S T T 2_
.................... -
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CORE BORING REPORT
DATE:  3/6/2007
PROJECT NO.: 6211-07-005 1.D.NO.: BORING NO: B1B GEOLOGIST: C. BRUINSMA
" DESCRIPTION: BRIDGE #86 ON SR 1322 OVER GHENT CREEK
COUNTY: PERSON COLLARELEV.: 377 TOTAL DEPTH: 437 FT
T DRILL REC RQD
ELEV. | DEPTH| RATE |RUN FT FT |sAmp FIELD CLASSIFICATION AND REMARKS
(FT) (FT) MIN/FT | (FT) % % #
341.8 35.2 3:00 35.2-43.7 CR: GREEN AND GRAY, MOD. WEATH. TO
» 4:00 3.8/35 (2235 FRESH, HARD, V. CLOSE TO WIDELY FRACT,,
500 | 35 AMPHIBOLITE
3:00/0.5 100% 63% {RS-2
338.3 38.7
338.3 38.7 4:00
4:00 5.0/5.0 |5.0/5.0
4:00 5.0
6:00 100% | 100%
333.3 43.7 7:00 STRATAREC =100% STRATA RQD =85%
CORING TERMINATED AT 437 FT
ELEVATION ____§__fﬁ3__ FT
DRILLER: S. GOWER CORE SIZE: NQ EQUIPMENT: CME 550 ATV
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Boring B1B, Box 1 of 1, 35.2 feet to 43.7 feet.

SCALE 1:40 (17=4")

ROCK CORE PHOTOGRAPHS

BRIDGE # 86 ON SR 1322 OVER GHENT CREEK
PERSON CO., NC
NCDOT PROJECT #: R-4906
TIERRA PROJECT #: 6211-07-005

TIERRA, INC.
2736 ROWLAND RD.
RALEIGH. NC 27615

PHONE 19191 871-0800
FAX (919) 8710803




N.C.D.O. 1. GEOITECHNICAL UNII

" BORING LOG
TI ERRA 2736 ROWLAND ROAD
M ciomowic - wams]  RALEIGH, NORTH CAROLINA 27615
ENGINEERING ~ Phone (919) 871-0800 Fax (919) 871-0803 SHEET 1 OF 1
PROJECT NO. 6211-07-005 | 1D, | COUNTY PERSON COUNTY,NC |GEOLOGIST C.BRUINSMA
SITE DESCRIPTION BRIDGE #86 ON SR 1322 OVER GHENT CREEK GROUND WATER (ft)
BORING NO. EB2A | BORING LOCATION 15+72 OFFSET 16'LT | ALIGNMENT 0 HR. 6.0
COLLARELEV. 386ft | NORTHING EASTING 24 HR. 6.7
TOTALDEPTH 150ft | DRILL MACHINE CME 550 ATV | DRILLMETHOD HsA HAMMER TYPE MANUAL
DATE STARTED 3-5-07 | COMPLETED 3-5-07 | SURFACE WATER DEPTH N/A '
ELEV. | DEPTH BLOW COUNT BLOWS PER FOOT sawp.|VW /] L
o) SOIL AND ROCK DESCRIPTION

(ft) () | os5ft | 0.5ft | 0.5f

-

20 40 60 80 100 N,

1 1 1 MOl G

NCDOT_BORE 07-005 BRIDGE 86.GPJ NCDOT.GDT 4/11/07

386.0 EXISTING GROUND 0.0
T
385-—10 7} 7y 3 }: RDWY EMB: BROWN, MED. STIFF, CLAYEY
A » SANDY SILT (A-4) WITH GRAVEL
I
T.35 "
- 3 5 3 C
3 - 5.9
e B e \ ALLUV: BROWN, SOFT, SANDY SILTY CLAY ¢
T ALLUV: BROWN, LOOSE, SILTY SAND (A-24)
-85 ALLUV- BROWN AND GRAY, SOFT, SANDY
N 2 1 p) SS4 CLAYEY SILT (A-4)
375+ G
4 R 12.5
t 135 oLt WR: BLACK, GRAY AND GREEN,
| T = AMPHIBOLITE
15.0 ) é 371.0 150
50/<0.1 67<0.1® SPT REFUSAL AT 15.0' ON CR:
+ ‘ — AMPHIBOLITE




INLLLLAUL L UV T DOUMINICAL UINTE

BORING LOG
IERRA 2736 ROWLAND ROAD
v, Mo RALEIGH, NORTH CAROLINA 27615
PROJECT NO. 6211-07-005 |Ip. [ COUNTY PERSON COUNTY,NC | GEOLOGIST C. BRUINSMA CORE BORING REPORT
SITE DESCRIPTION BRIDGE #86 ON SR 1322 OVER GHENT CREEK ' GROUND WATER (ft) . DATE:  3/8/2007
| BORING NO. EB2B | BORING LOCATION 15+45 OFFSET 9'RT | ALIGNMENT 0 HR. 7.0 4 ' —
COLLAR ELEV. 386 ft NORTHING EASTING 24HR.  BACKFILL - PROJECTNO.: 6211-07-005 I.D.NO.: BORING NO: EB2B GEOLOGIST: C. BRUINSMA
TOTALDEPTH 21.0ft | DRILL MACHINE CME 550 ATV | DRILL METHOD HSA HAMMER TYPE MANUAL .
DATE STARTED 3-8-07 | compLETED 3-8-07 | SURFACE WATER DEPTH N/A DESCRIPTION: _BRIDGE #86 ON SR 1322 OVER GHENT CREEK
ELEV. [DEPTH] _BLOW COUNT BLOWS PER FOOT sawe|W/IL1 SOIL AND ROCK DESCRIPTION COUNTY: PERSON COLLARELEV.: _386 TOTAL DEPTH: __21.0 _FT
| @ |ost|ost|ost|O 20 40 60 80 - 100| NO. | Aoyl G -
DRILC REC | RaD
E(lr.__f_ir\)/ Dt’iFF;_'I;H RATE l(?FUTr\)x kT FT |saw FIELD CLASSIFICATION AND REMARKS
o, o, #
386.0 , ISTING GR . . 0 )
—T 0 EXISTING GROUND Y BB BROWIN, STIFF, SANBY CIAVEY | 3696 | 164 | 400 16.421.0' CR: BLACK AND WHITE, V. SLI. WEATH. TO
%8s R R MR SLTAWITHGRAVEL 4:15 43146 |3.0/46 FRESH., HARD TO V. HARD, V. CLOSE. TO
T ey 500 | 46 : CLOSE. FRACT., AMPHIBOLITE
| 40 IL“_-:':_ 382.0 40 93% 65%
! | A 5:16 ( %
5 WY EMB: BROWN, LOOSE, SILTY
' : ° MR COAVEYSAND (A28) WiTH GRAVEL ’ | 3650 | 210 | 33006 STRATAREC =93%  STRATA RQD = 65%
02— §55 Y 65 '
ALLUV: BROWN AND DARK GRAY, SOFT,
i SANDY SILTY CLAY (A-6) 4
9.0 9.0
1 1 1 §S-6 ALLUV: BROWN AND DARK GRAY, SOFT, 10.0
- \SANDY SILTY CLAY (A-4) S
3754 ALLUV: DARK BROWN, V. LOOSE, CLAYEY
L SAND (A-2-4)
[1a0 : : 144
i T] 8 |ous ALLUV- GRAY.LOOSE. SILTY SAND (A-2-4) __150
5L WR: DARK GRAY AND GREEN,
3701_164 —369.6  AMPHIBOLITE 164
I 60/0 N CR: BLACK AND WHITE, V. SLL. WEATH. TO
[ FRESH., HARD TO V. HARD, V. CLOSE. TO
" N \i' CLOSE. FRACT., AMPHIBOLITE
I A
365 I VA sss0 . : 210
CORING TERMINATED AT 21.0' IN CR:
i B AMPHIBOLITE
3 1 | :
E 1 B ' CORING TERMINATED AT 210 FT
sl 1 . ! ELEVATION __365.0 FT
-
o) t -
§ IR L : DRILLER: S. GOWER ' CORE SIZE: NQ EQUIPMENT: CME 550 ATV
8l I [ |
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Boring EB2B, Box 1 of 1, 16.4 feet to 21.0 feet.

SCALE 1:40 (17=4")

ROCK CORE PHOTOGRAPHS

BRIDGE # 85 ON SR 1322 OVER GHENT CREEK
PERSON CO., NC
NCDOT PROJECT #: R-4906
TIERRA PROJECT #: 6211-07-005

- TIERRA, INC.
T 2736 ROWLAND RD.
IERRA RALBIGH. NC 27615
GioTRCTIC, + MATHRIALS PHONE (919) 871-0800

FAX (919) 871-0803




BRIDGE #86 ON SR 1322 OVER GHENT CREEK
NCDOT PROJECT NO.: R-4906

PERSON COUNTY

TIERRA, INC. PROJECT NO: 6211-07-005

SOIL CLASSIFICATION AND GRADATION SHEET

EB1B $S-1
A6 22.1% 94 81 54 39 15 24
14+10 | 15'RT 4.2-5.7
B1A $5-2
A-24 55.7% 93 72 13 NP NP NP
14+97 | LT 0.0-1.5
B1B 8§S8-3
A-24 46.4% 91 77 18 NP NP NP
14482 | 9RT | 6.075
EB2A "~ sS4
A4 26.3% 100 | 99 68 26 19 7
15¢72 | 16'LT 8.5-10.0 '
EB2B 88-5 .
A-6 27.8% 87 67 39 38 22 16
15445 | 9'RT 6.0-7.5 '
EB2B $8-6
A4 25.6% 98 94 56 26 19 7
15¢45 | 9'RT | 9405
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ROCK CORE UNIAXIAL COMPRESSIVE STRENGTH TEST ROCK CORE UNIAXIAL COMPRESSIVE STRENGTH TEST

{';b No.: 6211-07-005  Job Name: ggdge #86 on SR 1322 over Ghent Creek . | Job No.: 6211-07-005 Job Name: Bridge #86 on SR 1322 over Ghent Creek
ate: 312212007 Sample No.: -1 : Date: 3/22/2007 Sample No.: RS -2
Boring No.: B-1A Depth (ft): 24.0-24.9 Boring No.: B-1B Depth (ft): 37.2-38.0
Description: Blaclk, gray & C?Tfef;, v. slightly weathered to fresh, hard to v. hard, Description: Green and gray, moderate to fresh, hard, close to widely fractured
v. close to widely fractured amphibolite amphibolite gniess
Length (in.): 2.515 | Length (in.): 3.650
Diameter (in.): 1.846 : . Diameter (in.): 1.852
Area (sq. in.): 2.676 Area (sq. in.): 2.694
Compressive Strength (psi): 8660 Compressive Strength (psi): 15406
. Corrected Compressive Young'_s » Corrected Compressive Young's
Deﬂectiqn-(in.) Strain (%)  Load (Ibf) Strength (psi) Modulus (psi) , Deflection (in.) Strain (%) Load (Ibf) Strength (psi) Modulus (psi)
0.000 0.000 0 0.0 0.000 0.000 0 0.0 _
0.005 0.199 2838 1060.4 533,368 0.005 0.137 7000 2598.5 1,896,920
0.010 0.398 6149 2297.5 577,816 ' 0.010 0.274 18500 ~ 6867.5 = 2,506,645
0.015 0.596 10879 4064.8 681,526 ‘ 0.015 0.411 27500 10208.5 2,484,062
0.020 0.795 16082 6008.8 755,605 - . 0.020 0.548 35500 13178.2 2,405,024
0.025 0.994 §§231 '8306.3 832,2; g 0.025 0.685 41500 16405.5 2,249,205
0.030 1.193 177 8659.7 725, 0.030 0.822 0 0.0 0
0.035 1.392 2838 1060.4 76,195 :
0.040 1.590 0 0.0 0
10000 : ! 4 | ’ 18000
9000 —— - - 16000
8000 ; /‘/“\ ' 14000 ‘
~ (000 \ ~ 12000 A \
2 6000 . / | | & \
e \ £ 10000
@ 5000 2 \
2 oo / \ £ 8000 \
B oo . \ | 9 6000 //'/ \
2000 o \ 4000 /’ —\
1000 ./T/ \\‘ 2000
0 . | 0 | A
0.000 0200 0400 0.600 0.800 1.000 1.200 1400 1.600  1.800 0.000 0100 0200 0300 0400 0500 0600 0700 0.800  0.900

% Strain ’ % Strain



\ NORTH CAROLINA DEPARTMENT or TRANSPORTATION FIELD

Y GEOTECHNICAL ENGINEERING UNIT SCOUR REPORT

SHEET 23

WBS: TIP: R-4906 COUNTY: PERSON

DESCRIPTION(1): BR. NO. 86 ON SR 1322 OVER GHENT CREEK

f

EXISTING BRIDGE

Information from: Field Inspection X Microfilm (reel pos: )
Other (explain) HYDRO REPORT
Bridge No.: 86 Length: 75 Total Bents: 4 Bentsin Channel: 2 Bents in Floodplain:

'Foundation Type: H PILES, STEEL PLANK ON I-BEAMS, TIMBER VERTICAL ABUTMENTS

2

EVIDENCE OF SCOUR(2)

Abutments or End Bent Slopes: SCOUR ALONG SOUTHEAST CORNER DUE TO SECONDARY STREAM

Interior Bents: NO EVIDENCE OF SCOUR

Channel Bed: SCOURING DIRECTLY DOWNSTREAM OF CONVERGENCE OF SECONDARY STREAM

AND GHENT CREEK (SOUTHEAST SIDE OF BRIDGE)

Channel Bank: SOME UPSTREAM BANK SCOUR EVIDENT

EXISTING SCOUR PROTECTION

Type(3): RIP RAP (UP TO 1' DIAMETER) ARMORING SOUTHEAST ABUTMENT

Extent(4): JUST AT CORNER OF BRIDGE

Effectiveness(5): RIP RAP HAS MINIMIZED SCOUR AT ENDBENT

Obstructions(6): NONE

INSTRUCTIONS

OO A WUN -

©

11
12
13
14

Describe the specific site's location, including route number and body of water crossed.

Note scour evidence at existing end bents or abutments (e.g. undermining, sloughing, degradations).

Note existing scour protection (e.g. rip rap).

Describe extent of existing scour protection.

Describe whether or not the scour protection appears to be working.

Note obstructions such as dams, fallen trees, debris at bents, etc.

Describe the channel bed material based on observation and/or samples. Include any lab results with report.
Describe the channel bank material based on observation and/or samples. Include any lab results with report.
Describe the material covering the banks (e.g. grass, trees, rip rap, none).

Determine the approximate floodplain width from field observation or a topographic map.

Describe the material covering the floodplain (e.g. grass, trees, crops).

Use professional judgement to specify if the stream is degrading, aggrading, or static.

Describe potential and direction of the stream to migrate laterally during the bridge's life (approx. 100 years).

Give the design scour elevation (DSE) expected over the life of the bridge (approx. 100 years). This

elevation can be given as a range across the site, or for each bent. Discuss the relationship between the Hydraulics
Unit theoritical scour and the DSE. If the DSE is dependent on scour counter measures, explain (e.g. rip rap armoring
on slopes). The DSE is based on the erodability of materials, giving consideration to the influence of joints, foliation,
bedding characteristics, % core recovery, % RQD, differential weathering, shear strength, observations at existing
structures, other tests deemed appropriate, and overall geologic conditions at the site.

DESIGN INFORMATION

Channel Bed Material(7): SAND

Channel Bank Material(8): SAND, SILT AND CLAY

Channel Bank Cover(9): GRASSES, SHRUBS, AND YOUNG TO OLD TREE GROWTH

Floodplain Width(10): APPROXIMATELY 900 FEET

Floodplain Cover(11): GRASSES, SHRUBS, AND YOUNG TO OLD TREE GROWTH

Stream is(12): Aggrading Degrading X Static
Channel Migration Tendency(13): NORTH
Observations and Other Comments:
Reported by: C. Bruinsma Date:  3/8/2007
TIERRA, INC.
DESIGN SCOUR ELEVATIONS(14) Feet Meters
BENTS
B1 B2 B3 B4
SB Lanes, Lt
SB Lanes, Rt
NB Lanes, Lt
NB Lanes, Rt
Comparison of DSE to Hydraulics Unit theoretical scour:
DSE determined by: Date:
SOIL ANALYSIS RESULTS FROM CHANNEL BED AND BANK MATERIAL
Bed or Bank Bed Bank
Sample No. SS-3 SS-2
Retained #4 5 3
Passed #10 91 93
Passed #40 77 72
Passed #200 18 13
Coarse Sand 14 21
Fine Sand 59 59
Silt
Clay 18 13
LL NP NP
Pl NP NP
AASHTO A-2-4 A-2-4
Station 14+82 14+97
Offset 9'RT 6'RT
Depth 6.0-7.5 0.0-1.5
Template Revised 02/07/06



BRIDGE #86 ON SR 1322 OVER GHENT CREEK

PERSON COUNTY
NCDOT PROJECT NO.: R-4906

GRAIN SIZE DISTRIBUTION CURVE]

SING

[PERCENT PAS

<3"and>#10"

Coarse Sand

<#10 and > #40

Cu=D60/D10

BORING #:

Fine Sand

< #40 and > #200

B1A SAMPLE #: $S-2

DEPTH:

SILTY SAND (A-2-4)
% PASSING #200 SIEVE: 13%
NATURAL MOISTURE CONTENT = N/A

LIQUID LIMIT NP
PLASTIC LIMIT NP
PLASTIC INDEX NP

BT N

BRIDGE #86 ON SR 1322 OVER GHENT CREEK
PERSON COUNTY
NCDOT PROJECT NO.: R-4906

GRAIN SIZE DISTRIBUTION CURVE}

bbinrinds

IAASHTO M-1456 Classification of Soil for Engineering Purposes

Gravel

<3"and > #10

Coarse Sand

<#10 and > #40

Cu=D60/D10

BORING #:

Fine Sand < #40 and > #200

B1B SAMPLE#  SS-3

DEPTH:

Cc = (D30)*2/ (D10 x D60)

6.0-7.5

SILTY SAND (A-2-4)

% PASSING #200 SIEVE: 18%
NATURAL MOISTURE CONTENT = N/A

LIQUID LIMIT 1 NP B
PLASTIC LIMIT NP
PLASTIC INDEX NP




PHOTO 1: CENTERLINE PROFILE, LOOKING UPSTATION PHOTO 2: GHENT CREEK, LOOKING UPSTREAM

SITE PHOTOGRAPHS

-BR # 86 ON SR 1322 OVER GHENT CREEK
PERSON CO., NC
NCDOT PROJECT #: R-4906
TIERRA PROJECT #: 6211-07-005

S TIERRA, INC.
T 2736 ROWLAND RD.
LIERRA RALEIGH. NC 27613
Ry PHONE (919) 87 1-0800
FAX (919) 871-0803




END BENT 2, LOOKING LEFT TO RIGHT

°
°

PHOTO 4

LOOKING LEFT TO RIGHT

: END BENT 1,

PHOTO 3

SITE PHOTOGRAPHS
BR # 86 ON SR 1322 OVER GHENT CREEK

PERSON CO., NC

R-4906
6211-07-005

NCDOT PROJECT #
TIERRA PROJECT #

°
*

TIERRA, INC.

2736 ROWLAND RD.

RALEIGH. NC 27613

TIERRA

PHONE (919) 87 1-0800
FAX (919) 871-0803
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