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GEOTECHNICAL INVESTIGATION

SAN JACINTO RIVER AUTHORITY
12 INCH WATER LINE REPLACEMENT CROSSING
PANTHER BRANCH AT GROGAN'’S POINT ROAD
THE WOODLANDS, TEXAS

1.0 INTRODUCTION

1.1  Project Description

This report presents the results of a geotechiviegistigation performed by Aviles Engineering Caogiimn
(AEC) for the proposed water line replacement éngsBanther Branch at Grogan’s Point Road. Thiepris
located to the northeast of the intersection ofg@arss Point Road and North Tranquil Path, in Theodlands,

Texas. A vicinity map is presented on Plate AdlAppendix A.

AEC understands that an existing San Jacinto Rlwghority (SJRA) 12 inch diameter water line crogsi
Panther Branch has been exposed and damaged degei@ erosion within Panther Branch. Based on the
schematic drawings provided by SJRA Technical $es/Department on June 14, 2018, approximately 760
linear foot of 12 inch diameter water line crossiremeath Panther Branch will be replaced. Theaogphent
water line will be installed by horizontal direat@ drill (HDD) method. In addition, AEC anticipat¢hat the

replacement water line will require two pits to nent the new line with the existing water line dher end.

1.2  Purpose and Scope

The purpose of this geotechnical investigatiomisvaluate the subsurface soil and ground watetitons at
the project site and to develop geotechnical emging recommendations for the replacement water Iiine

scope of this geotechnical investigation is sumpeatibelow:

Drilling and sampling two soil borings ranging frandepth of 40 to 50 feet below existing grade;
Performing soil laboratory testing on selected saihples;

Engineering recommendations for the replacemenemite to be installed by HDD, including design
parameters, loadings on the water line, and faadmslity;

Engineering recommendations for the pits, includirgavation, shoring, and backfill;

. Construction guidelines for the water line andpfte, including dewatering recommendations.

whN ke

oA

Recommendations for restoration of Panther Brahttieavater line crossing is beyond AEC'’s scopsenfice.
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2.0 SUBSURFACE EXPLORATION

Subsurface conditions at the site were investighyedrilling two soil borings ranging from a depih40 to 50
feet below existing grade in the proximity of theoposed replacement water line. The approximategdpor
locations are shown on the Boring Location PlarPtate A-2, in Appendix A. Boring survey data wag no
available at the time this report was prepared;dvan, AEC compared the GPS coordinates againstifis b
drawings (dated February 1990) provided by SIR#dler to estimate the approximate surface elevatione

borings.

AEC notes that Borings B-1 and B-2 were drilledaohe approximate alignment of the proposed rephant
water line on the south side of Panther Branch.ordye to site access issues, borings were nottabbe
performed on the north side of Panther Branch. AB&s that the soil and groundwater conditions galon
channels in the Greater Houston area vary sigmifiga It is possible that different soil and grouvater
conditions could be encountered during construaticthe water line on the north side of PanthemBha AEC
recommends that additional soil borings be perforame the north side of Panther Branch in ordertwide
additional coverage of the proposed replacemenemlate alignment. If additional soil borings amnet
performed, AEC will not be liable if changed sailgroundwater conditions are encountered at aleag she

project alignment that are not currently covereddBC’s current borings.

The borings were drilled using a truck-mounted! digf and were advanced using dry auger methodtlaeal
completed using wet rotary method once groundwai@s encountered or the borings began to cave in.
Undisturbed samples of cohesive soils were obtaired the borings by pushing 3-inch diameter thialw
seamless steel Shelby tube samplers in accordatiteA&TM D 1587. Granular soils were sampled véth
2-inch split-barrel sampler in accordance with ASDM.586. Standard Penetration Test resistancegNgs
were recorded for the granular soils as “Blows paot” and are shown on the boring logs. The undigd
samples of cohesive soils were extruded mechayidaim the core barrels in the field and wrapped in
aluminum foil; all samples were sealed in plasag®$to reduce moisture loss and disturbance. Tinglea
were then placed in core boxes and transporteldcAEC laboratory for testing and further studytehf
completion of drilling, the boreholes were left apgvernight so that a 24 hour groundwater readmgdcbe
obtained. Afterwards, the borings were backfilgth bentonite chips. Details of the soils encotedien the

borings are presented on Plates A-3 and A-4, inefdx A.
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3.0 _LABORATORY TESTING

Soil laboratory testing was performed by AEC persdn Samples from the borings were examined and
classified in the laboratory by a technician unglgrervision of a geotechnical engineer. Laboratesis were
performed on selected soil samples in order touawalthe engineering properties of the foundatiils $n
accordance with applicable ASTM Standards. Atteybenits, moisture contents, percent passing a 200.
sieve, sieve analysis, and dry unit weight testewerformed on representative samples to estahlésimdex
properties and confirm field classification of thebsurface soils. Strength properties of cohesoils were
estimated by means of unconfined compression (U) dnconsolidated-Undrained (UU) triaxial tests
performed on undisturbed samples. The test resrdtpresented on their representative boring Iégkey to

the boring logs, classification of soils for enggneag purposes, terms used on boring logs, anderede ASTM

Standards for laboratory testing are presentedlaed?A-5 through A-8, in Appendix A. The resulifsthe

sieve analyses are presented on Plates A-9 thibidh in Appendix A.

Double Hydrometer Tests: To evaluate the disperdiagacteristics of clayey soil at Panther Braactipuble

hydrometer test was performed on a selected soipkesin accordance with ASTM D 4221. The resultthe
double hydrometer test is summarized in Table d,iarpresented on Plate A-12, in Appendix A. Wkien
percent dispersion is less than 30, it indicatasttie soil is non-dispersive. When the percemtattison is equal

to 30 but less than 50, it indicates that theisdiiltermediately dispersive. When the percentatisipn is greater

than 50, it indicates that the soil is dispersive.

Table 1. Summary of Double Hydrometer Test Resultat Panther Branch

Sample ID and Description

Dispersion (%)

Dispersion
Classification

B-2, 10’-12’, Sandy Lean Clay (CL)

40.3

Intermediately
Dispersive

Crumb Dispersion Tests: To evaluate the dispediagacteristics of clayey soils at Panther Bratwh,crumb

tests were performed on selected soil samplescordance with ASTM D 6572, Method A. The resultthe

crumb tests are summarized on Table 2 and arerpeesen Plate A-13, in Appendix A.

Table 2. Summary of Crumb Test Results at PantheBranch

- Dispersive Dispersive
Sample ID and Description Gl?ade Clasgification
B-1, 4'-6’, Silty Sand (SM) 2 Intermediate
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S - Dispersive Dispersive
ample 1D and Description Grade Classification
B-2, 10’-12’, Sandy Lean Clay (CL) 4 Highly dispimes

4.0 SITE CONDITIONS

Based on AEC'’s site visit, the project area isemichg along the south bank of Panther Branch. exieing
banks of Panther Branch have experienced signtfeasion. AEC understands that the existing kbmokater
line will be abandoned and the replacement water Will be installed via HDD. The north side ofrieier

Branch could not be accessed by AEC'’s drill rihattime of our site visit.

4.1 Subsurface Conditions

Soil strata encountered in our borings are summdiaelow:

Boring Depth (ft) Description of Stratum
B-1 0-4 Fill: medium dense, Silty Sand (SM)
4-16.5 Loose to medium dense, Silty Sand (SM)
16.5-18 Very loose, Clayey Sand (SC), with fay @ockets, wet
18-21 Soft to firm, Fat Clay (CH)
21-36 Medium dense to very dense, Silty Sand)(SMt
36 -40 Dense, Clayey Sand (SC), with fat clayketeand gravel, wet
B-2 0-2 Poorly Graded Sand with Silt (SP-SM) haibots
2-8 Very loose to loose, Silty Sand (SM)
8-12 Firm to stiff, Sandy Lean Clay (CL), withtfclay pockets
12-14 Very loose, Clayey Sand (SC), wet
14 -33 Loose to medium dense, Poorly Graded §aRY wet
33-36 Medium dense, Clayey Sand (SC), with dravet
36 - 48 Very stiff to hard, Sandy Lean Clay (CL)
48 - 50 Very stiff to hard, Fat Clay (CH), withale clay pockets

Details of the soils encountered during drilling aresented on the boring logs. The cohesive spdsuntered

in the borings have a Liquid Limit (LL) of 38 anthBticity Index (PI1) of 23. The cohesive soils emttered are
classified as “CL" and “CH” type soils and the guéar soils are classified as “SM”, “SC”, “SP-SM"&NSP”

type soils in accordance with ASTM D 2487. Highspieity clays can undergo significant volume chandee

to seasonal changes in moisture contents. “CH’samildergo significant volume changes due to seasona
changes in moisture contents. “CL" type soils vidtlver LL (less than 40) and Pl (less than 20) galhedo not

undergo significant volume changes with changeanimisture content. However, “CL" soils with LL

4
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approaching 50 and PI greater than 20 essentialg\e as “CH” soils and could undergo significavitiine

changes.

Groundwater: Groundwater levels and boring caveipths encountered during drilling are presentéichivie

3. Based on Table 3, groundwater along portiorteeflignment is likely to be pressurized.

Table 3. Groundwater Depths below Existing GroundSurface

Boring . Boring Groundwater Boring Cave in
No. | DateDrilled | hosiny | Depth (ft) Depth (ft)
i 14 (Drilling) -
B-1 9/21/2018 40 10.4 (9/22/2018) 11.2 (Drilling)
i 8 (Drilling) .
B-2 9/20/2018 50 5.4 (15 min.) 5.4 (Drilling)

The information in this report summarizes condidound on the dates the borings were drillecshtiuld be
noted that our groundwater observations are skam:t groundwater depths and subsurface soil meistur
contents will vary with environmental variationschuas frequency and magnitude of rainfall, andtithe of

year when construction is in progress.

4.2 Hazardous Materials

No signs of visual staining or odors were encowaeturing field drilling or during processing ofetisoil

samples in the laboratory.

4.3 Subsurface Variations

It should be emphasized that: (i) at any given tigreund water depths can vary from location tatmn, and
(i) at any given location, ground water depths change with time. Ground water depths will varghw
seasonal rainfall and other climatic/environmemtants. Subsurface conditions may vary at locatamay

from the borings and in between borings.

Clay soils in the Houston area typically have séleoy features such as slickensides, calcareoudasycind
contain sand/silt seams/lenses/layers/pocketholild be noted that the information in the boriogd is based
on 3-inch diameter soil samples and the soil sasnpkre obtained continuously at intervals of 2 fesmh the

ground surface to a depth of 20 feet in the boritigen at intervals of 5 feet thereafter to thdrgptermination
5
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depths. A detailed description of the soil secopfizatures may not have been obtained due tatlad sample
size and sampling interval between the samplesteTdre, while a boring log shows some soil secondar

features, it should not be assumed that the feaameabsent where not indicated on the boring logs

5.0 ENGINEERING ANALYSIS AND RECOMMENDATIONS

Based on the schematic drawings provided by SJRAumre 14, 2018, AEC understands that the proposed
improvement is a replacement 760 linear feet 1R thameter water line, to be installed by HDD meithibhe
replacement water line will require the excavatbtwo pits to connect to existing 12 inch diameteter line
on either end. AEC anticipates that the entranceexit pit will require a minimum depth matchirggtinvert
depth of the existing water line. Based on thevigied schematic drawings, the existing water Imeert depth
at the entrance pit (i.e. south bank) is approxétyed feet while the existing water line invert tiept the exit pit

(i.e. north bank) is approximately 6.5 feet.

5.1 Water Lines Installed by Horizontal Directional Drilling Method

We understand that the replacement water linebeilinstalled by HDD beneath Panther Branch. Water
installation by HDD should be performed in accoamwith Section 33 05 23.13 of the SJRA Constructio
Specifications. HDD method utilizes steerabléliddl systems to install water lines in 2 stepsa(pilot hole is
drilled with a diameter of 1 to 5 inches along piheposed design centerline; and (ii) the pilot hiekenlarged by
backreaming to the desired diameter with high v@wnd high pressure bentonite slurry, which maisttie
bore and prevents caving of the surrounding sthiks;product pipe/conduit is also connected to titeaf the

drilling rod and backreamer assembly by a swivel pulled back through the enlarged pilot hole.

The Contractor is responsible for selecting, desgninstalling, maintaining and monitoring safellgrg

systems and retaining professionals who are gedldnd experienced to perform the tasks and wheegable
of modifying the system, as required. The follogvaiscussion provides general guidelines to theti@otor.
The information in this report should be reviewedtsat appropriate drilling equipment and techngjcan be

planned and factored into the construction plancsd estimate.

5.1.1 _Geotechnical Design Parameters

Recommended geotechnical parameters for the salosudoils to be used for design of the water Ife i

6
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presented on Plate B-1, in Appendix B. The desajoes are based on the results of field and latigraest
data on individual boring logs as well as our eigrage. It should be noted that because of thabirinature of

soil stratigraphy, soil types and properties altrggalignment or at locations away from a particbtaing may

vary substantially from what is indicated on theitg logs.

5.1.2 Loadings on Water Line

The water line will support the weight of the saild water above the crown.

Earth Loads: For underground utilities to be insethlusing HDD method, the vertical soil load: \6an be

calculated as the larger of the two values fromégus (1) and (3):

We = GyB£2 Equation (1)
Ca = [1-e2WEBIYKW) Equation (2)
We = yBH Equation (3)
where: W = trench fill load, in pounds per linear foot/{th
Cs = trench load coefficient, see Plate B-2, in Apgix B;
y = effective unit weight of soil over the waterdirin pounds per cubic foot (pcf);
Bs = trench width at top of the water line < 1.5(8);
B = outside diameter of the water line (ft);
H = variable height of fill (ft);

when the height of fill above the top of the wdlee H: >2 By, H = H, (height of fill above
the middle of the water line). When 2 By, H varies over the height of the water line; and

KW = 0.1650 maximum for sand and gravel,
0.1500 maximum for saturated top soil,
0.1300 maximum for ordinary clay,
0.1100 maximum for saturated clay.

When water lines are located below groundwatertdtad vertical dead loads should include the wedjtihe

projected volume of water above the water line.

Uplift Resistance: AEC recommends that the water tlesigner determine if the depth of the waterikrdeep

enough so that the soil overburden load and the de@ght of the water line are greater than theyanouplift

force from the displaced volume of the water lifiehe potential loss of overburden pressure duedsian in

the channel scour zone should be included in th# tgsistance analysis. When determining upbfiistance,
AEC also recommends that the water line designesider the groundwater level to be at the top efdannel
bank.
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Lateral Loads: The lateral soil pressuregn be calculated from Equation (4); hydrostatespure should be

added, if applicable.

p = Ko(yHhn+p) Equation (4)

where: K Coefficient of earth pressure, at-rest, seesHal, in Appendix B;

Hh height of fill above the center of the wateelift);
y = effective unit weight of soil over the waterdifpcf);
ps = vertical pressure on water line resulting froafftc and/or construction equipment (psf).

5.1.3 Dirilling Face Stability during Construction

Based on AEC's borings, the HDD will be installeghmarily through granular soils and potentially bath
groundwater. In order to maintain a stable HDDRatation, AEC recommends that pressurized bergahitrry

be used to support the HDD pilot hole and backragainst caving.

5.1.4 Influence of Drilling on Adjacent Structures

Based on the schematic drawings provided by SJREC Aotes that the replacement water line will cross
beneath Panther Branch. Care should still be taé&eansure that the drilling/installation operatato not

adversely affect any nearby structures or paven{drany).

Ground Subsidence: Drilling in soft ground can ioelsome degree of settlement (ground subsidendag of

overlying ground surface if the volume and/or puesf bentonite slurry is inadequate. If suchleetent is
excessive, it may cause distress/damage to exsttingtures and services located above and/orthealrilling

zone.
Predicting the amount of loss of ground (or grosulsidence) due to drilling is very difficult, pramly because
of the uncertainty involved in the analysis: sushaterogeneous soil properties, subsurface vhtyalbr lack

of information about proposed construction equiphagr techniques.

Measures to Reduce Distress from Drilling: Impacexisting foundations and structures can be méay

following proper drilling procedures. Some methtmsitigate movement and/or distress to existingcsures

include:
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. Supporting the drilling excavation with steel ayidi concrete casing or the pipe material itsels@mn
as the excavation is advanced and at short interaat

. proper grouting of the annular spaces; the tymmafpment and method chosen will require the sesvic

of a specialty contractor.

To reduce the potential for the drilling to inflienexisting structures, we recommend that the @age of the
influence zone of the water line be a minimum &&t from the outer edge of the bearing (stresse i any
existing foundations of nearby structures. Theaibgdgstress) zone is defined by a line drawn doamafrom

the outer edge of an existing foundation and ircliat an angle of 45 degrees to the vertical.

The drilling influence zone is assumed to extedistance of about 2.5i from the center of the edilunnel, as
shown on Plate C-8, in Appendix C. We emphasizethigesize of the influence zone of the bore heidifificult

to determine because several factors influencesgponse of the soil to drilling operations inchgitype of saill,
ground water level, type of drilling equipment, wale and pressure of drilling fluid, experience pé@tor and

other construction in the vicinity.

We recommend that the following situations be eatld on a case by case basis, where:

 drilling cannot be located farther than the minimdistance recommended above;
 drilling cannot be located outside the stress adribe foundations for existing structures;
» unstable soils are encountered near existing shest

» heavily loaded or critical structures are locatlese to the influence zone of the bore holes;

As an option, existing structure foundations shaodd protected by adequate shoring or strengtheged b
underpinning or other techniques, provided thdlinigi cannot be located outside the stress zorkeoéxisting

foundations.

Disturbance and loss of ground from the drillingg@tion may create surface soil disturbance andigeice
which in turn may cause distress to existing stmagt (including pavements) located in the zoneaif s

disturbance.

5.1.5 Pit Excavation

As noted in Section 5.0 of this report, AEC aniatgs that entrance and exit pits will be used tmeot the

replacement water line to the existing water limbwmth ends. The Contractor should be responéivle
9
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designing, constructing and maintaining safe extans. The excavations should be performed in aneaso

as to not cause any distress to existing strucamdgpavements in the vicinity (if any).

Trenches 20 feet and Deeper: The OccupationalySarfet Health Administration (OSHA) requires thabisihg

or bracing for trenches 20 feet and deeper be fipedlyi designed by a licensed professional enginee

Trenches Less than 20 Feet Deep: Trench excavdkiahare less than 20 feet deep may be shoreeteshand

braced, or laid back to a stable slope for thetgaflewvorkers, the general public, and adjacenicstres, except
for excavations which are less than 5 feet deepvarified by a competent person to have no caymtential.
The excavation and trenching should be in accomaiit OSHA Safety and Health Regulations, 29 CF&tf
1926. Recommended OSHA soil types for trench defig existing soils can be found on Plate B-1, in
Appendix B. Fill soils are considered OSHA Clag€$ ‘submerged cohesive soils should also be coreide

OSHA Class ‘C’, unless they are dewatered first.

Critical Height is defined as the height a slopk stand unsupported for a short time; in coheshiés, it is used
to estimate the maximum depth of open-cuts at ghida slopes. Critical Height may be calculateskbleon the
soil cohesion. Values for various slopes and dohegre shown on Plate C-1, in Appendix C. Cauti@sted

below should be exercised in use of Critical Heighplications:

1. No more than 50 percent of the Critical Heigbimputed should be used for vertical slopes.
Unsupported vertical slopes are not recommendedenranular soils or soils that will slough when
not laterally supported are encountered withinetkeavation depth.

2. If the soil at the surface is dry to the poiritere tension cracks occur, any water in the cradk w
increase the lateral pressure considerably. litiaddif tension cracks occur, no cohesion shddd
assumed for the soils within the depth of the cratke depth of the first waler should not excewes t
depth of the potential tension crack. Struts sthdwal installed before lateral displacement occurs.

3. Shoring should be provided for excavations whienged space precludes adequate side slopes, e.g.
where granular soils will not stand on stable stoged/or for deep open cuts.

4. All excavation, trenching and shoring shoulddesigned and constructed by qualified professianals
accordance with OSHA requirements.

The maximum (steepest) allowable slopes for OSH\TS@es for excavations less than 20 feet aregories]

on Plate C-2, in Appendix C.

If limited space is available for the required opeamch side slopes, the space required for theestan be

10



ENGINEERING CORP.

reduced by using a combination of bracing and apgras illustrated on Plate C-3, in Appendix C.idelines

for bracing and calculating bracing stress arequresl below.

Computation of Bracing Pressures: The following hondtcan be used for calculating earth pressurensigai
bracing for open cuts. Lateral pressure resufiiogn construction equipment, traffic loads, or ateercharge
should be taken into account by adding the equival@iformly distributed surcharge to the desigteral
pressure. Hydrostatic pressure, if any, should bésconsidered. The active earth pressure ah depan be
determined by Equation (5). The design soil patamdor trench bracing design is presented oreMat, in
Appendix C.

P, = (0. + )y +y'h)Ka-2¢/K, +p,h, Equation (5)
where: p = active earth pressure (psf);
gs = uniform surcharge pressure (psf);
Y, Y = wet unit weight and buoyant unit weight of s@kf);
h. = depth from ground surface to groundwater téft)e
h, = z-h, depth from groundwater table to the point unaersaderation (ft);
z = depth below ground surface for the point ured@sideration (ft);
Ka = coefficient of active earth pressure;
¢ = cohesion of clayey soils (psf); ¢ can be teditonservatively;
Yw = unit weight of water, 62.4 pcf.

Pressure distribution for the practical designtaits in open cuts for clays and sands are illtetran Plates
C-4 through C-6, in Appendix C.

Bottom Stability: In open-cuts, it is necessargdoosider the possibility of the bottom failing beaving, due to

the removal of the weight of excavated soil. Heguypically occurs in soft plastic clays when #xeavation
depth is sufficiently deep enough to cause theosmding soil to displace vertically due to beargapacity
failure of the soil beneath the excavation bottenth a corresponding upward movement of the soilthe
bottom of the excavation. In fat and lean clagsve normally does not occur unless the ratio mic@r Height

to Depth of Cut approaches one. In very sandysilhdlean clays and granular soils, heave can oifcan
artificially large head of water is created duenstallation of impervious sheeting while bracihg cut. This
can be mitigated if groundwater is lowered below #xcavation by dewatering the area. Guidelines fo
evaluating bottom stability in clay soils are presel on Plate C-7, in Appendix C.

AEC assumes that the new water line will requireeatrance and exit pit to match the invert depththe

11
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existing water line. Based on the schematic drgsvprovided by SJRA, the invert depth of the wherat the
entrance pit (i.e. south bank) is approximatelg@t fvhile the invert depth of the water line at ¢ixé pit (i.e.
north bank) is approximately 6.5 feet. AEC antit@§sathat open cut excavations will generally ent&un

granular soils throughout both pits.

Based on the groundwater levels described in Sectid of this report, AEC anticipates that open cut
excavations that are 6 to 6.5 feet (for entranckeadit pits) will generally encounter groundwatethin the pit
zone in the vicinity of Boring B-2. AEC does nattigipate that groundwater will be encountered inithe pit
excavation in the vicinity of Boring B-1; howeve@roundwater was encountered in Boring B-1 immedliate
below the anticipated pit bottom, and groundwatey e higher at the time of construction. Grournéwa
control recommendations are presented in Sect@rofthis report, if required. It should be notbat our
groundwater observations are short-term; groundvaspths and subsurface soil moisture contentsvarly
with environmental variations such as frequency amabnitude of rainfall and the time of year when

construction is in progress.

If the excavation extends below groundwater andsthils at or near the bottom of the excavationraainly
sands or silts, the bottom can fail by blow-outilfbg) when a sufficient hydraulic head exists.€eTpotential for
boiling or in-flow of granular soils increases wldhe groundwater is pressurized. To reduce ttenpal for
boiling of excavations terminating in granular sdielow pressurized groundwater, AEC recommendstiba
groundwater table be lowered at least 3 feet béhavibottom of the excavation. Groundwater corghaluld be

in accordance with Section 01 57 23.02 of the SJR#struction Specifications. Groundwater control

recommendations are presented in Section 6.2 ©fdiiort.

5.1.6 Backfill for Excavated Pits

Backfill for the entrance and exit pits should beatcordance with Section 31 21 33 of the SJRA fRactson
Specifications. Embedment material and backfidudth be placed in loose lifts not exceeding 8 irschad
compacted in accordance with Section 31 21 33efatest edition of the SIRA Construction Spedifices.

6.0 CONSTRUCTION CONSIDERATIONS

6.1 Site Preparation

To mitigate site problems that may develop follogviprolonged periods of rainfall, it is essentialhave
12
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adequate drainage to maintain a relatively dryfandsurface prior to starting any work at the sitédequate
drainage should be maintained throughout the cactstn period. Methods for controlling surface atfrand
ponding include proper site grading, berm consimaciround exposed areas, and installation of quitepvith

pumps.
6.2 Groundwater Control

The need for groundwater control will depend ondépth of excavation relative to the groundwatgtldet the
time of construction. In the event that thereaavy rain prior to or during construction, the grdwater table
may be higher than indicated in this report; higbeepage is also likely and may require a morensikie
groundwater control program. In addition, grouatky may be pressurized in certain areas of tigarakent,
requiring further evaluation and considerationhaf éxcess hydrostatic pressures. Groundwaterat@hiould

be in general accordance with Section 31 21 3Befdtest edition of the SJRA Construction Speaifans.

The Contractor should be responsible for selectitegigning, constructing, maintaining, and monitgra
groundwater control system and adapt his operatmmsisure the stability of the excavations. Gdwater
information presented in Section 4.1 and elsewlierthis report, along with consideration for potaht
environmental and site variation between the timheour field exploration and construction, should be
incorporated in evaluating groundwater depths. fdtlewing recommendations are intended to guide th

Contractor during design and construction of theatering system.

In cohesive soils seepage rates are lower thamaimutar soils and groundwater is usually colle@ezlimps and
channeled by gravity flow to storm sewers. If cgitie soils contain significant secondary featusegpage
rates will be higher. This may require larger sarapd drainage channels, or if significant graniagers are
interbedded within the cohesive soils, methods dsedranular soils may be required. Where itrigsent,

pressurized groundwater will also yield higher segprates.

Groundwater for excavations within saturated sarasbe controlled by the installation of wellpoint§he
practical maximum dewatering depth for well poiigtgbout 15 feet. When groundwater control is imegu
below 15 feet, possible ground water control messunclude: (i) multi-staged wellpoints; (ii) deeells or
turbines (in granular soils); (iii) ejectors or edtors (for silts); or (iv) water-tight sheet pitet-off walls.
Generally, AEC recommends the groundwater deptovibered at least 3 feet below the excavation bottwhe

able to work on a firm surface when water-beariranglar soils are encountered.

13
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Extended and/or excessive dewatering can resuftetiement of existing structures in the vicinithe
Contractor should take the necessary precautionsrtionize the effect on existing structures in enity of
the dewatering operation. We recommend that ther&ctor verify the groundwater depths and seepaigs
prior to and during construction and retain thesises of a dewatering expert (if necessary) tosagsim in
identifying, implementing, and monitoring the mostitable and cost-effective method of controlling

groundwater.

For open cut construction in cohesive soils, thssimlity of bottom heave must be considered du¢gh&
removal of the weight of excavated soil. In lead &t clays, heave normally does not occur urtlessatio of
Critical Height to Depth of Cut approaches one. silty clays, heave does not typically occur unlass
artificially large head of water is created throubh use of impervious sheeting in bracing the €uidelines

for evaluating bottom stability are presented iotle@ 5.1.5 of this report.

6.3 Construction Monitoring

Excavation, bedding, and backfilling of undergrouniities should be monitored by qualified geoteicial
professionals to check for compliance with progoatuments and changed conditions, if encountefdeiC
should be allowed to review the design and constnuplans and specifications prior to releaseeck that the

geotechnical recommendations and design criteesgmted herein are properly interpreted.
6.4 Monitoring of Existing Structures

Existing structures in the vicinity of the proposdiginment should be closely monitored prior tajily, and for
a period after excavation. Several factors (incgdoil type and stratification, construction nah, weather
conditions, other construction in the vicinity, stnuction personnel experience and supervision) imggact
ground movement in the vicinity of the alignmeh¥e therefore recommend that the Contractor be reduo

survey and adequately document the condition aftiexj structures in the vicinity of the proposeigramnent.

7.0 LIMITATIONS

The information contained in this report summarizasditions found on the dates the borings wetlkedri The
attached boring logs are true representationsesddiis encountered at the specific boring locatmmthe dates
of drilling. Reasonable variations from the sulfece information presented in this report shouldtuicipated.

If conditions encountered during construction dgmificantly different from those presented in theport;
14
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AEC should be notified immediately.

This investigation was performed using the standakel of care and diligence normally practiced by
recognized geotechnical engineering firms in thisagpresently performing similar services underilar
circumstances. This report is intended to be us#s entirety. The report has been preparedusketly for the
project and location described in this reportpdftinent project details change or otherwise diffem those
described herein, AEC should be notified immedjedeid retained to evaluate the effect of the chsuogethe
recommendations presented in this report, anded¢hissrecommendations if necessary. The recomrtienda
presented in this report should not be used foerotructures located along these alignments oilasim
structures located elsewhere, without additionaluation and/or investigation.

15
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. " i ENGINEERING CORP.
PROJECT: 12" Water Line Replacement at Panther Branch Stk e mickammsn BORING B-1
DATE 09/21/18 TYPE 4" Dry Auger / Wet Rotary LOCATION See Boring Location Plan
N SHEAR STRENGTH, TSF
DESCRIPTION E
g ElEl S n
= >| w > a . . [a)
i i A imate Surface Elevation (feet): 104 2|3 |z £ Confined Compression | 5|2
= = pproximate sur vation (feet): % W § @® Unconfined Compression r|s = -
z c_%, § Ef P « O Pocket Penetrometer g 2 ,L:’ Q
= e
5 22 =l 3| z | O Torvane s[3[2]2
a n |u %) = a 0.5 1 15 2 N J|la|a
0 Fill: medium dense, brown Silty Sand (SM)
-with sandy clay pockets and roots 0'-2' 13
-with lean clay seams 2'-4 0 | 11 41 |16 14
Loose to medium dense, tannish gray Silty
5 Sand (SM) 23 | 12
-with clayey sand pockets 4'-6'
-light grayish tan 6'-10 28 | 4
-with gravel 8'-10 0 | 7 17
[ -gray 10'-16', with clayey sand pockets 10'- ¥
12" _ ) - 15 | 14
-boring cave-in at 11.2' during drilling
9 | 17
¥
L 15 -with gravel and clay pockets 14'-16' P 14 [NP[NP
Very loose, gray and dark gray Clayey Sand 3 | 19
(SC), with fat clay pockets, wet
Soft to firm, yellowish tan Fat Clay (CH)
4 | 23
- 20
Medium dense to very dense, light tan Silty
Sand (SM), wet
-with clay pockets 23'-25' and gravel pockets 18 [NP[NP
" ay 56 | 20
23'-30
- 25
-tan 28'-35', with fat clay pockets 28'-30'
30 | 20
- 30
34 | 26
- 35
BORING DRILLED TO 14 FEET WITHOUT DRILLING FLU

D
WATER ENCOUNTERED AT 14 FEET WHILE DRILLING =%
WATER LEVEL AT 104 FEET AFTER 1 DAY =
DRILLED BY Van & Sons DRAFTED BY JG LOGGED BY BTC

PROJECT NO. G152-18 PLATE A-3
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PROJECT: 12" Water Line Replacement at Panther Branch e s BORING B-1
DATE 09/21/18 TYPE 4" Dry Auger / Wet Rotary LOCATION See Boring Location Plan
N SHEAR STRENGTH, TSF
DESCRIPTION =
g E|lE] S i
m x > |1 8| > | & Confined Compression el 2
w = 2 © = . ; El=]>
= Z G | u 4] @® Unconfined Compression || 3|E
= | g5 @ [ 2] @ | O PocketPenetrometer ulale|E
E == =l 3| z | O Torvane 213212
[a) n |V %) = a 0.5 1 15 2 N Jlo|o
Lo, Dense, tan Clayey Sand (SC), with fat clay
e pockets and gravel, wet
[ Termination Depth = 40 feet
L 45 .
L 50 .
e
| oo |
| o5
I
BORING DRILLED TO 14 FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 14 FEET WHILE DRILLING =%
WATER LEVEL AT 104 FEET AFTER 1 DAY =
DRILLED BY Van & Sons DRAFTED BY JG LOGGED BY BTC

PROJECT NO. G152-18

PLATE A-3
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PROJECT: 12" Water Line Replacement at Panther Branch e s BORING B-2
DATE 09/20/18 TYPE 4" Dry Auger / Wet Rotary LOCATION See Boring Location Plan
N SHEAR STRENGTH, TSF
DESCRIPTION E
— . e L
S Ele| ¢ n
m & . f evation (feet) > § > | & Confined Compression e 2
i 5 Approximate Surface Elevation (feet): 98 % % § ® Unconfined Compression - % = S
= | g5 @ | 2| @ | O PocketPenetrometer g a| 28
a s |z =l 3| z | O Torvane 213212
a ‘U) i % %) = a 0.5 1 15 2 N J|la|a
0 Tan Poorly Graded Sand with Silt (SM), with 5
roots 7
Very loose to loose, tan and gray Silty Sand
(SM) 2 | 16
-with clayey sand pockets 2'-4'
5 -tannish gray 4'-6', with sandy clay seams 4'- ¢ > | 2
g ) 4
-boring cave-in at 5.2' during drilling
-gray 6'-8' 5 16 43 |NP|NP
Firm to stiff, gray Sandy Lean Clay (CL), with |
fat clay pockets 5 | 27
- 10 -with organic pockets 8'-10'
-dark brownish gray 10'-12 12 | 35 58
P Very loose, dark brownish gray Clayey Sand o8 | 35| 21
(SC), wet 0 | 38
Loose to medium dense, gray and light gray
Poorly Graded Sand (SP), wet 10 | 23
-with gravel and sandy clay pockets 14'-16'
-light gray and tan, with clayey sand pockets
Py 15 | 21
16'-18
-tan, with gravel 18'-20' 2 | 2 4 [NP|NP
-reddish tan 23'-25'
28 | 17
-tan, with clayey sand pockets 28'-30'
23 | 17
Medium dense, light gray and tan Clayey 31 | 40114
o Sand (SC), with gravel, wet 31| 17
L 35 il
BORING DRILLED TO 8 FEET WITHOUT DRILLING FLU

D
WATER ENCOUNTERED AT 8 FEET WHILE DRILLING =%
WATER LEVEL AT 5.2 FEET AFTER 15 MIN =
DRILLED BY Van & Sons DRAFTED BY JG LOGGED BY BTC

PROJECT NO. G152-18 PLATE A-4
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. " i ENGINEERING CORP.
PROJECT: 12" Water Line Replacement at Panther Branch ST i sy BORING B-2
DATE 09/20/18 TYPE 4" Dry Auger / Wet Rotary LOCATION See Boring Location Plan
N SHEAR STRENGTH, TSF
DESCRIPTION E
E & > 5 > | & Confined Compression NI E
= = % w § @® Unconfined Compression | = = -
= 3 | @ 2 | @ | O PocketPenetrometer g al 2|8
o I Elel =g T o | 222
w | = |9 a | of & orvane Slols|S
a n |u %) = a 0.5 1 15 2 N J|la|a
Very stiff to hard, light gray Sandy Lean Clay
(CL)
17 |115.7 ® O
- 40 .
54 | 38| 15
15 esn
- 45 .
'/ Very stiff to hard, light gray Fat Clay (CH), 28 | 980

with lean clay pockets

Termination Depth = 50 feet

L 55

L 60

L 70

BORING DRILLED TO 8 FEET WITHOUT DRILLING FLUID
WATER ENCOUNTERED AT 8 FEET WHILE DRILLING =£
WATER LEVEL AT 5.2 FEET AFTER 15 MIN =

DRILLED BY Van & Sons DRAFTED BY JG LOGGED BY BTC

PROJECT NO. G152-18 PLATE A-4



KEY TO SYMBOLS

Synbol Description Synbol Description
Strata synbol s II Undi sturbed thin wall
Shel by tube
Fill
Silty sand
Cl ayey sand

Hi gh plasticity

/| cl ay
FEREE Poorly graded sand
S with silt

Low plasticity
clay

Poorly graded sand

M sc. Synbol s

%2 Wat er tabl e depth
during drilling

X Subsequent wat er
tabl e depth
@) Pocket Penetroneter
@ Unconfi ned Conpression
A Confi ned Conpression

Soil Sanpl ers

[I Auger

Eﬂ St andard penetration test

PLATE A-5




—I CLASSIFICATION OF SOILS FOR ENGINEERING PURPOSES

ENGINEERING CORP. ASTM Designation D-2487

GROUP
MAJOR DIVISIONS SYMBOL TYPICAL NAMES

Well-graded gravel,

)
g 3 CLEAN GRAVELS Gw well-graded gravel with sand
sS4 (Less than 5% passes
. 05 G No. 200 sieve) GP Poorly-graded gravel,
o g 2 % poorly-graded gravel with sand
2 Qo
9 g é LE @ Limits plot below "A" line & GM Silty gravel,
o8 02 g GRAVELS WITH FINES hatched zone on plasticity chart silty gravel with sand
D 5 w5 (More than 12% passes
8 % § 3 No. 200 sieve) Limits plot above "A" line & Ge Clayey gravel,
<Z( o = g hatched zone on plasticity chart clayey gravel with sand
[
% g ’Fg‘ Sw Well-graded sand,
|C.|0'J é % o CLEAN SANDS well-graded sand with gravel
g:: < E, : (Less than 5% passes No. 200 sieve) P Poorly-graded sand,
8 ﬁ é ; % poorly-graded sand with gravel
1%} cQ
g 5 = Limits plot below "A" line & SM Silty sand,
= 58 SANDS WITH FINES hatched zone on plasticity chart silty sand with gravel
X5 (More than 12% passes
Q= No. 200 sieve) Limits plot above "A" line & e Clayey sand,
= g hatched zone on plasticity chart clayey sand with gravel
ML Silt, silt with sand, silt with gravel, sandy silt,
§ gravelly silt
3 SILTS AND CLAYS oL Lean clay, lean clay with sand, lean clay with
3 § (Liquid Limit Less Than 50%) gravel, sandy lean clay, gravelly lean clay
O .
g Z° oL Organic clay, organic clay with sand, sandy
% 4 organic clay, organic silt, sandy organic silt
[0}
é é MH Elast_ic s_ilt, elastic silt wit_h s_and, sandy
0o elastic silt, gravelly elastic silt
w o
% E SILTS AND CLAYS CH Fat clay, fat clay with sand, fat clay with
g (Liquid Limit 50% or More) gravel, sandy fat clay, gravelly fat clay
E OH Organic clay, organic clay with sand, sandy

organic clay, organic silt, sandy organic silt

NOTE: Coarse soils between 5% and 12% passing the No. 200 sieve and fine-grained soils with limits plotting in the hatched zone
of the plasticity chart are to have dual symbols.

PLASTICITY CHART DEGREE OF PLASTICITY OF COHESIVE SOILS

2 : Degree of Plasticity Plasticity Index
=~ o o / ,'\QQ' ,\;\Qe/ NONE ..o 0-4
L © S \5( X ¥ V1 2 ST 5-10
N o S O MEiUM .o, 11-20
A < 0‘ .
Z 0% High ... :
i = Very High........cooooii >40
O o |fCL-ML Ko L1 Horon
'_
o \ o SOIL SYMBOLS
<
- o
n_ -

A > ML (?r oL & Fill
(=) A
0 10 20 30 40 50 60 70 80 90 100 110 -1 sand

LIQUID LIMIT (LL) ’ Clay (CH)
/!

Equation of A-Line: Horizontal at Pl=4 to LL=25.5, then PI=0.73(LL-20)
Equation of U-Line: Vertical at LL=16 to PI=7, then PI=0.9(LL-8) Clay (CL)

Silt

PLATE A-6



A—WLLs TERMS USED ON BORING LOGS
e =

ENGINEERING CORP.

SOIL GRAIN SIZE
U.S. STANDARD SIEVE

6" 3" 3/4" #4 #10 #40 #200
GRAVEL SAND
BOULDERS | COBBLES SILT CLAY
COARSE FINE COARSE MEDIUM FINE
152 76.2 191 4.76 2.00 0.420 0.074 0.002

SOIL GRAIN SIZE IN MILLIMETERS

STRENGTH OF COHESIVE SOILS RELATIVE DENSITY OF COHESIONLESS

Undrained SOILS FROM STANDARD PENETRATION TEST
Consistency Shear Strength, SPT Blowcount
Kips per Sq. ft. Very Loose
Loose .......ccceeeneen.
Very Soft .......covu..... less than 0.25 <2 bpf Medium Dense
SOt o 0.25 to 0.50 2-4 bpf Dense .....ccoceviiiiiiiiiee e
Firm .o 0.50 to 1.00 4-8 bpf Very Dense
SHff e 1.00 to 2.00 8-16 bpf
Very Stiff ..o 2.00 to 4.00 16-32 bpf
Hard ... greater than 4.00 >32 bpf
SPLIT-BARREL SAMPLER DRIVING RECORD
Blows per Foot Description
25 blows driving sampler 12 inches, after initial 6 inches of seating.
50 blows driving sampler 7 inches, after initial 6 inches of seating.
50 blows driving sampler 3 inches, during initial 6-inches seating interval.
NOTE: To avoid change to sampling tools, driving is limited to 50 blows during or after seating interval.
DRY STRENGTH  ASTM D2488 MOISTURE CONDITION  ASTM D2488
None Dry specimen crumbles into powder with mere pressure of handling Dry  Absence of moisture, dusty, dry to the touch
Low Dry specimen crumbles into powder with some finger pressure Moist Damp but no visible water
Medium Dry specimen breaks into pieces or crumbles with considerable pressure Wet Visible free water
High Dry specimen cannot be broken with finger pressure, it can be

broken between thumb and hard surface
Very High Dry specimen cannot be broken between thumb and hard surface

SOIL STRUCTURE

Slickensided  Having planes of weakness that appear slick and glossy. The degree of slickensidedness depends upon
the spacing of slickensides and the easiness of breaking along these planes.

Fissured Containing shrinkage or relief cracks, often filled with fine sand or silt; usually more or less vertical.
Friable Crumbly, can be easily crushed with light pressure.

Blocky Clays that have a block-like or polyhedral structure.

Pocket Inclusion of material of different texture that is smaller than the diameter of the sample.

Parting Inclusion less than 1/8 inch thick extending through the sample.

Seam Inclusion 1/8 inch to 3 inches thick extending through the sample.

Layer Inclusion greater than 3 inches thick extending through the sample.

Laminated Soil sample composed of alternating partings or seams of different soil types.

Interlayered Soil sample composed of alternating layers of different soil types.

Intermixed Soil sample composed of pockets of different soil types and layered or laminated structure is not evident.

Calcareous Having appreciable quantities of calcium material.

PLATE A-7
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ASTM & TXDOT DESIGNATION FOR SOIL LABORATORY TESTS

ASTM TEST TXDOT TEST
SOIL TEST DESIGNATION | DESIGNATION

Unified Soil Classification System D 2487 Tex-142-E
Moisture Content D 2216 Tex-103-E
Specific Gravity D 854 Tex-108-E
Sieve Analysis D 6913 T?é;r,: ?)E
Hydrometer Analysis D 7928 T?;;r: g)E
Minus No. 200 Sieve D 1140 Tex-111-E
Liquid Limit D 4318 Tex-104-E
Plastic Limit D 4318 Tex-105-E
Standard Proctor Compaction D 698 Tex-114-E
Modified Proctor Compaction D 1557 Tex-113-E
California Bearing Ratio D 1883 -
Swell D 4546 -
Consolidation D 2435 -
Unconfined Compression D 2166 -
Unconsolidated-Undrained Triaxial D 2850 Tex-118-E
Consolidated-Undrained Triaxial D 4767 Tex-131-E
Permeability (constant head) D 5084 -
Pinhole D 4647 -
Crumb D 6572 -
Double Hydrometer D 4221 -
pH of Soil D 4972 Tex-128-E
Soil Suction D 5298 -
Soil Sulfate C 1580 Tex-145-E
Organics D 2974 Tex-148-E
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AVILES ENGINEERING CORPORATION
Consulting Engineers - Geotechnical, Construction Materials Testing, Environmental
GRAIN SIZE ANALYSIS - SIEVE
Project : 12" Water Line Replacement at Panther Branch Job No.: G152-18
Location of Project: The Woodlands, Texas Date of Testing: 10/1/2018
Sand
Gravel Coarse Fine Silt Clay
to Medium
Grain Size Analysis
3" 3/4" #4 #40 #200
100 —Iqt I
90 \
\ \\\
80 \.' \
9 LUR
S 60 \
g \ \
g o \
S
g
& 40
[&]
b \
o
30
20 ’
10
0
100 10 1 0.1 0.01 0.001 0.0001
Diameter (mm)
‘ emlies CUrve 1 el Curve 2 ==ll==Curve 3
Curve Boring Depth (ft) Soil Description Cu Cc  Dsp(mm)
1 B-1 8-10 Silty Sand (SM) N/A N/A 0.155
2 B-1 14-16 Silty Sand (SM) N/A N/A 0.280
3 B-1 23-25 Silty Sand (SM) N/A N/A 0.134
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Consulting Engineers - Geotechnical, Construction Materials Testing, Environmental
GRAIN SIZE ANALYSIS - SIEVE
Project : 12" Water Line Replacement at Panther Branch Job No.: G152-18
Location of Project: The Woodlands, Texas Date of Testing: 10/1/2018
Sand
Gravel Coarse Fine Silt Clay
to Medium
Grain Size Analysis
3" 3/4" #40 #200
100 w f f
\% !
90
80
70
;\; \
S 60
g ‘
-
o '
IS \ ;
& 40 i
[&]
: \
o
30 :
ly
20
10
0 I
100 10 1 0.1 0.01 0.001 0.0001
Diameter (mm)
‘ emlies CUrve 1 el Curve 2 ==ll==Curve 3
Curve Boring Depth (ft) Soil Description Cu Cc  Dsp(mm)
1 B-1 38-40 Clayey Sand (SC) N/A N/A 0.337
2 B-2 6-8 Silty Sand (SM) N/A N/A 0.098
3 B-2 18-20 Poorly Graded Sand (SP) 1.69 0.93 0.222
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Consulting Engineers - Geotechnical, Construction Materials Testing, Environmental
GRAIN SIZE ANALYSIS - SIEVE
Project : 12" Water Line Replacement at Panther Branch Job No.: G152-18
Location of Project: The Woodlands, Texas Date of Testing: 10/1/2018
Sand
Gravel Coarse Fine Silt Clay
to Medium
Grain Size Analysis
3" 3/4" #4 #40 #200
100 e I
“L\l\ i
90
N
\
80 \
70
;\; \
o 60
g \
-
S
g
& 40 |
[&] |
b 1
n_ )
30
20
10
0
100 10 1 0.1 0.01 0.001 0.0001
Diameter (mm)
‘ === Curve 1
Curve Boring Depth (ft) Soil Description Cu Cc  Dsp(mm)
1 B-2 33-35 Clayey Sand (SC) N/A N/A 0.168
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Consulting Engineers - Geotechnical, Construction Materials Testing, Environmental
SIEVE & DOUBLE HYDROMETER TESTS (ASTM D 4221)
Project: 12" Water Line Replacement at Panther Branch Job No.: G152-18
Location of Project: The Woodlands, Texas Date of Testing: 10/1/2018
Sand
Gravel Coarse Fine Silt Clay
to Medium
Grain Size Analysis
3" 3/4" 3/8" #4 #40 #80 #200
100 —p __ﬁ\
90 \\
80 \
70
9
S 60
% N
o 50 N
S
a
g 40 \
2 NI,
30 \_.\
20 \ E\l‘
u.,\
10 \x
\.\‘_T
0 T
100 10 1 0.1 0.01 0.001 0.0001
Diameter (mm)
el Curve 1 et CUIVE 2 ‘
Curve Boring  Depth (ft) Soil Description Cu Cc %-5um  Dgy(mm)
1 B-2 10-12 @ Sandy Lean Clay (CL) N/A N/A 3268  0.035
2 B-2 10-12® Sandy Lean Clay (CL) N/A N/A 13.17 N/A
% Dispersion = 40.29%

Notes:(a) Hydrometer test with added dispersant

(b) Hydrometer test without added dispersant
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AVILES ENGINEERING CORPORATION

Consulting Engineers - Geotechnical, Construction Materials Testing, Environmental

RESULTS OF CRUMB TESTS (ASTM D 6572)

Project Name: 12" Water Line Replacement at Panther Branch
Project No.: G152-18 Test Date: 10/5/2018

Boring Depth, 2 Minutes 1 Hour 6 Hours
Number feet
Grade C (deg) Grade C (deq) Grade C (deg)
B-1 4-6 2 22.2 2 22.3 2 22.3
B-2 10-12 3 22.2 4 22.3 4 22.3

Grade Classification:

Grade 1

Non-dispersive; No reaction

Grade 2 Intermediate; Slight reaction
Grade 3 Dispersive; Moderate reaction
Grade 4 Highly Dispersive; Strong reaction
Interpretation:
Under normal conditions, use the 1 hour reading to determine dispersive grade.
However, if the dispersive grade changes from 2 to 3 or from 3 to 4 between the 1 and 6 hour readings,
use the 6 hour reading instead.

PLATE A-13



ENGINEERING CORP.

APPENDIX B

Plate B-1 Recommended Geotechnical Design Parasneter
Plate B-2 Load Coefficients for Pipe Loading



G152-18 12" WATER LINE REPLACEMENT CROSSING PANTHER BRANCH, THE WOODLANDS, TEXAS
SOIL PARAMETERS FOR WATERLINE DESIGN AND CONSTRUCTION

Short-Term Long-Term
. Depth : Y Y OSHA
Boring Soil Type C 0} c ¢
ft f f T K K K K K K
0-2 Fill: SM 120 58 C 0 26| 0.39 056 2.56 0 24 0.39 0.b6 2|56
2-4 Fill: medium dense SM 120 58 C 0 32 081 o047 325 0 B2 (.31 0.47 |3.25
B-1 4-10 Medium dense SM 120 58 C 0 3D 0.B3 050 3J00 0 30 D.33 p.50 |[3.00
10-15 | Loose to medium dense SM 115 53 g P8 (0.36 0.53 Pp.77 0 28 0.36 | 0.53 | 2.77
0-8 Veryloose to loose SP- | 5 | 53 C o| 26| 03 056 256 o 26 039 056 2|56
SM/SM
B-2 8-12 Firm to stiff CL 120 58 C 400 0 1.0p 1.qo 1.9o 5 18 053 069 1.89
12-14 Very loose SC 11% 53 C 0 26 0.839 0pb6 256 0 P6 (.39 0.56 |2.56
14-15 Medium dense SP 120 58 C @ 48 0|36 053 277 0 28 0.36 [0.53 |2.77

(1) vy = Unit weight for soil above water levgt, = Buoyant unit weight for soil below water level;
(2) C = Soil ultimate cohesion for short term (upper limit of 3,000 psf for design purppseShil friction angle for short term;
(3) C' = Saoil ultimate cohesion for long term (upper limit of 300 psf for design purpesesJpil friction angle for long term;

(4) K, = Coefficient of active earth pressure, KCoefficient of at-rest earth pressurg,KCoefficient of passive earth pressure;
(5) CL = Lean Clay, SM = Silty Sand, SP = Poorly Graded Sand;
(6) OSHA Soil Types for soils in the top 20 feet below grade:
A: cohesive soils with qu = 1.5 tsf or greater (qu = Unconfined Compressive Strength of the Soil)
B: cohesive soils with qu = 0.5 tsf or greater
C: cohesive soils with qu = less than 0.5 tsf, fill materials, or granular soil
C*: submerged cohesive soils; dewatered cohesive soils can be considered OSHA Type B.
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Reference: US Army Corps of Engineers Engineering Manual, EM 1110-2-2902, Oct. 31, 1997, Figure 2-5.
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Text Box
Reference:  US Army Corps of Engineers Engineering Manual, EM 1110-2-2902, Oct. 31, 1997, Figure 2-5.


ENGINEERING CORP.

APPENDIX C
Plate C-1 Critical Heights of Cut Slopes in Nontfised Clays
Plate C-2 Maximum Allowable Slopes
Plate C-3 A Combination of Bracing and Open Cuts
Plate C-4 Later Pressure Diagrams for Open CuBimesive Soil-Long Term Conditions
Plate C-5 Later Pressure Diagrams for Open CuBimesive Soil-Short Term Conditions
Plate C-6 Later Pressure Diagrams for Open Cusaimd
Plate C-7 Bottom Stability for Braced ExcavatiorClay
Plate C-8 Relation between the Width of the Surfaepression and the Depth of the Cavity for

Tunnels



ENGINEERING CORP.
Critical Heights of Cut Slopes in Nonfissured Clays
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Note: The charts are calculated based on NAVFAC DM7.1, Page 7.1-319,
assuming the critical circles are toe circles, and wet unit weight of soils = 125pcf.
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ENGINEERING CORP.
MAXIMUM ALLOWABLE SLOPES
.4 (O]

=3 TNz

> A 12° MAX "/
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& o N/A
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© 0

m =

& o N/A

Z

SHORT TERM LONG TERM
NOTES:
(1) For Type A soils, a short term maximum allowable slope of 0.5 (H) : 1 (V) is allowed
in excavations that are 12 feet or less in depth; short term (24 hours or less) maximum
allowable slopes for excavations greater than 12 feet in depth shall be 0.75 (H) : 1 (V).
(2) Maximum depth for above slopes is 20 feet. For slopes deeper than 20 feet, trench
protection should be designed by the Contractor's professional engineer.
Reference: OSHA, Safety and Health Regulations for Construction, 1926 Subpart P.
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ENGINEERING CORP.

A COMBINATION OF BRACING AND OPEN CUTS

TYPE "B” SOIL

-]

SUPPORT OR

SHIELD SYSTEM
20 MAX. : A 18" MIN.

TOTAL HEIGHT OF VERTICAL SIDE

TYPE "C” SOIL

SUPPORT OR

SHIELD SYSTEM
20" MAX. :| A M 18" MIN.

TOTAL HEIGHT OF VERTICAL SIDE

11/2

Reference: OSHA, Safety and Health Regulations for Construction, 1926 Subpart P.
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LATERAL PRESSURE DIAGRAMS
FOR OPEN CUTS IN COHESIVE SOIL - LONG TERM CONDITIONS

gl ! e N e N e R e N il
0.25H 0.25H
R D
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D — 0.5H H L Ava -
o —
2 0.75H
X
[ - — —
©
gt [ }7 o gt
0.25H
L {

P — P2 P3 e p4—|
(a) Soft to Medium (b) Stiff Clay (c) Water Pressure (d) Surcharge
Clay Pressure

Empirical Pressure Distributions

Where:

H = Total excavation depth, feet

D =Depth to water table, feet

P1= Lateral earth pressure = yH-4C, psf
P2 = Lateral earth pressure = 0.4yH, psf
P3 = Water pressure = vy« (H-D), psf

P4 = Lateral earth pressure caused by surcharge = gKa, psf
¥ = Effective unit weight of sail, pcf

Y« = Unit weight of water, pcf

C =Drained shear strength or cohesion, psf
Ka = Coefficient of active earth pressure

Notes:

1. All pressures are additive.

2. No safety factors are included.

3. For use only during long term construction.

4. If yH/C < 4, use section (b),
If 4 < yH/C < 6, use larger of section (a) or (b),
If yH/C > 6, use section (a).

Reference: Peck, R.B. (1969), "Deep Excavation and Tunneling in soft
Ground", 7th ICSMFE, State of art volume, pp. 225-290.
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LATERAL PRESSURE DIAGRAMS
FOR OPEN CUTS IN COHESIVE SOIL - SHORT TERM CONDITIONS
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(a) Soft to Medium (b) Stiff Clay (c) Water Pressure (d) Surcharge
Clay Pressure

Empirical Pressure Distributions

Where:

H = Total excavation depth, feet

D =Depth to water table, feet

P1 = Lateral earth pressure = yH-4S,, psf
P2 = Lateral earth pressure = 0.2yH, psf
P3 = Water pressure = yw (H-D), psf

P4 = Lateral earth pressure caused by surcharge = gKa, psf
¥ = Effective unit weight of soil, pcf

7w = Unit weight of water, pcf

Su = Undrained shear strength = q./2, psf
Qv = Unconfined compressive strength, psf
Ka = Coefficient of active earth pressure

Notes:

1. All pressures are additive.

2. No safety factors are included.

3. For use only during short term construction.

4. If yH/S. < 4, use section (b),
If 4 < yH/Su < 6, use larger of section (a) or (b),
If yH/S. > 6, use section (a).

Reference: Peck, R.B. (1969), "Deep Excavation and Tunneling in soft
Ground", 7th ICSMFE, State of art volume, pp. 225-290.
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LATERAL PRESSURE DIAGRAMS
FOR OPEN CUTS IN SAND

il

Flexible Support
|
T
T
|
K
|

R— R—— R——

(a) Sand (b) Water Pressure (c) Surcharge
Pressure

Empirical Pressure Distributions

Where:

H = Total excavation depth, feet

D =Depth to water table, feet

P1= Lateral earth pressure = 0.65*yHKa., psf

P2 = Water pressure = yw (H-D), psf

P3 = Lateral earth pressure caused by surcharge = gKa, psf
v = Effective unit weight of soil, pcf

yw = Unit weight of water, pcf

K. = Coefficient of active earth pressure = (1-sin@)/(1+sing)
¢ = Drained friction angle

Notes:

1. All pressures are additive.
2. No safety factors are included.

Reference: Peck, R.B. (1969), "Deep Excavation and Tunneling in soft
Ground", 7th ICSMFE, State of art volume, pp. 225-290.
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BOTTOM STABILITY FOR BRACED EXCAVATION IN CLAY

e g e
I e R a b F————¢ d
F—— Le————
D J . D
 ————— | a 45\0<b,—<—)—c d *
D, Py — =—"P & D, )
1 ; i VI—

Factor of Safety against bottom of heave,

_ _ NcC
(vyD+q)

where, Nc = Coefficient depending on the dimension of the excavation (see Figure at the bottom)

C = Undrained shear strength of soil in zone immediately around the bottom of the excavation,
v = Unit weight of soil,

D = Depth of excavation,

q = Surface surcharge.

If F.S < 1.5, sheeting should be extended further down to achieve stability

1.5(yD+q)-NeC
(C/B)-0.5v

Depth of Buried Length, (D:) = ;D=5 i

Pressure on buried length, P

For Di< 0.47B ; P.= 1.5 Di(yD - 1.4 CD/B - 3.14C)
For D> 0.47B ; P,= 0.7 (yDB - 1.4 CD - 3.14CB)

where; B = width of excavation

| N.

9 Circular or square B/L = 1.0
o
8 P
7
r infinitely long B/L = O
6
5
4
D/B
0 1 2 3 4 5 6

N rectangular = (0.84 + 0.16B/L)N, square

Reference: Bjerrum, L. and Eide, O., Stability of Strutted Excavations in Clay, Geotechnique, 6, 32-47 (1956).
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Relation between the Width of the Surface Depression
(i/a) and the Depth of the Cavity (z/a) for Tunnels

Ground surface
-2.51 =21 -1 J i 21 2.51
‘ A
- \ | V3o /
g \ Z g
§ \ inflection ‘\E Maximum / 5
B point curvature g
n t().él 8 max.) ig.( = point E
N - (022 5 mhx) Jg
\ / 5
/ 2
Approximate
width of \ /
settlement \ /
trough \ /
!
‘ 2a
= =
Volume of depression = 2.51 3 max.
(a)
12
11
10
/
/
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38 and sands
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| /
3 / /
< 6 §
N /
N / / Softto P
) s firm clays
4 13 / e
1 .|/ 12 ~
. 17 c |
5
/ / 6 .~ |Sands below
5 Ly - the W.T.
14+ e 2
/ 4 - -~
| /ot *3
16 10
0 1 2 3 4
i/a i/a

(b)

Reference: Peck, R. B. (1969) "Deep Excavations and Tunneling in Soft Ground," Proceedings, Seventh International
Conference on Soil Mechanics and Foundation Engineering, Mexico City, State of the Art Volume, pp. 225-290.
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