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Soils, Surveying, Excavation & Foundations






Only one building in the world is allowed to

be famous for having a bad foundation design.
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More on this one later. ..
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PRESUMPTIVE SURFACE BEARING VALUES OF FOUNDATION MATERIALS

Tons per
Class of material square foot
1. Massive crystalline bedrock including granite, diorite, gneiss,
trap rock, hard limestone and dolomite .............................. 100
2. Foliated rock including bedded limestone, schist and slate
S e SR e S G R e R G 40
3. Sedimentary rock including hard shales, sandstones,
and thoroughly cemented conglomerates ............................ 25
4. Soft or broken bedrock (excluding shale), and soft limestone .......... 10
5. Compacted, partially cemented gravels, and sand
ST T T T A e S s S e RIS 10
B RV RO RS IRV IXIURS . ..., .. ... ... i etk 6
7. Loose gravel, hard dry clay, compact coarse sand,
T TS e S S e S e i L e 4
8. Loose, coarse sand and sand-gravel mixtures
andcompactiinesand (contined) . ..................coviiiiiinainan 3
9. Loose medium sand (confined), stiffclay ............................ 2
B DOEEDINRN RN SOIECIAY ... ... .. . ... i i it 15

Note 1 ton per square foot = 9765 kg/m?.



Silt Particles

Clay Particles

FIGURE 23

Silt particles (top) are approximately
equidimensional granules, while clay
particles (bottom) are platelike and
generally much smaller than silt. The
clay structure shown here is flocculated.
In some other types of clays the
particles lie in parallel relationships,
either more closely packed, or
dispersed by electrostatic forces.
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Silty soil
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Clay soil
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Sandy soil

Pe3a Gravel
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Clean Gravel

Gravel with fines

21



. | = ﬁ*-
We need to find out what th

make up of the soil
composition on our site is.

How do we go about doing
that?
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FIGURE 22

Well-grade
little or n

rly led gravels

mixtures, little
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el-sand mixtures,
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SOIL DESCRIPTION

Topsoll

Loose silt, some fine
sand and clay (ML)

Loose to medium
dense fine to coarse
sand, some silt, trace
of fine gravel (SM)

Medium dense fine to
coarse sand, some silit
(SM)

Medium dense silt,
some fine sand (ML)

Medium dense fine to
coarse sand, some silt,
trace fine gravel
(SP-ML)

Medium dense silit,
some fine sand (ML)

oarse sand, some silt,
race fine to coarse
ravel (SP-SM)

FIGURE 27

A typical log from a soll test boring,
indicating the type of soil in each
Stratum and the depth in feet at which it
was found. The abbreviations in
parentheses refer to the Unified Soil
Classification System, and are explained
in Figure 2.2.




Unified Soil Classification System

ore than hatf Liquid limit
atarial is aater than §
s ller thar
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Geobor S

—THE ULTIMATE SAMPLNG SYSTEM
HOLE DIAMETER & 146 mm 57"
CORE DIAMETER & {02 mm &
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oK GUARANTEED
LATCHING

MAIN ASSEMBLIES FOR

W To HARD FORMATIONS  METH







-

fai

By
b

30



31



3 Borehole # 02 8715
DRILL HOLE # Sierra-1 Date 6100 i 5 . : :
Project # 02-59 Engineer:  J Hines
Location Golden, Colorado Project No. 1364-5 Project Name: Barker Establishment Lacalion  Elmine Co
Direction Vertical Elevation 5280
Drilling Contractor RW Drilling Coordinates X Y il
Logged By D Fluid Bariod Mud % | 3 . g 5 i S 5 i
=1 | o
] . e - =l = g L § Berzene (ppr) | Toluene (ppm) =
T RaD% | B Lithology | % 5| E 2 Notes &
. = @ =]
g § L, Core I=] “ 2 |o 1000] 0 10000
- =~| 8| = = B Recovery | m @ y T - T
& E |5 o "otk | 8 v |E £ . Well b FILL: Sand & aravel fill b st 1
g ElE|®e LTHOLOGY Bl Haness | E | @) % & 5| Gonsntion ] e
s &l sls 2|13 s5|g| S| sln @ = 500 —{—@- T4 (R
4 SAND: Fine to medium, i 1 . I g;:]a?;urnd weter
. trace silt and gravel . | L
0 -0 - — - "
55| Gravel and Sand with 5 = | sany ity zand layer
trace of =i, gray to t T i
browen; moderate 7 it mﬁ‘,f::,‘:,'; ol
nsity; very wc%) ; 5 L .
erched Tone), G ]
19 - Eg’ashon et 9 BILTY BAND. MoisL wit ; 20.0 b I Lab tosifl 1465
i Outwash). Occasional = {:I . IA: Moist, with 2 1 lead, 92 arsetic
clay cobies (1-d4cm ] apEe Ly | LE
in diameter} wih dark 7 } |
3| beowwn 1o black organic YT | T 11 | 5 ciing
. =1 malerial &3 stringers ] { I
throughout. §
Sar vith & vel, 5 I 4 1
[“_ZEF S\i\R ?In?lcoc gravel, 5 3 30.0 J' It Clay lens 0155 et
5 Lyl Rl g CLAY, Son, arey ) I-"l o
F Sand and Sit with L | TTTH 11 orespL sigaicantin | [
trace clay, very fine fo ] f ) i samphe [
& medium; brown; so /
and very moist. 7+ 30.0
44 strange 1 Egdsi] ORAVEL: Trace sand, 4 Sigrificant water in v
driling 1 6% fine sands as interheds this gravel. -
= = = rezultz 8 7 g e | | r "
Sravel with trace sand, I o
fine sared lenses as . Ao e [
54 interbeds. Organic . | —
material traces, brown. 3 E i [
| Oroarec odor in sand B 5 20.0 11T T onsee sidcantin | T °
{ lenses. q i3 | thiz sample [
&4 - 1
Silt with trace sand. slowing q | :I| i o it oft 4o wark I
- ~— | Soft very moist, drilling ] SILT: Some sand, moist we g0 k
L2 | @ : 8 \ ) F
— | Combustible gas kick ] 6 e + | '}' il ayer showire Y
& a | ighe:st Tokuene [
e concentations
Clay and Sit i ] / / r——
8 4 4
i = 50.0}
2 1 ; ®
Clay [l s i
9 3 . 1. 7] GRAVEL AND SAND
= Gravel and Sand 5 oy 5 1 Ly 11
L5 T & 7 2 40.0 Ered of baring 3t 16
103 ] feet
Client RW Rock Acme Logging
Project Hillsida #1 T E&B Environmental
olden, Colorado
Page 1 of 1 7640 Hwy B5 Cedar, WY 57385 Pg1oft




Great Wall
Environmental, Inc.

PROJECT: Groundwater study
BORIHG NO. B-1
BORING LOCATION: Z5N 35W

SOIL TEST BORING SYMBOLIC LOG
WITH MONITOR WELL INSTALLATION NOTES

METHOD OF DRILLING: 6" Hollow Stem Auger

RECORD OF WATER DEPTH CHECES: none
CAVIHG DEPTH: none

DATE: &/2/95
ELEVATION: £96.3

HOTES:Clear weather, sunny, 65"

ARTIFICIAL FILL DEPTH: none

ELEVATION | ¢, = : Well
SOIL SYMBOLS/ | ooc | gty 'pmn'g)' Gi M | 00 (WD | Hyd Well
DEPTH | FIELD TEST DATA - % | pef | pef |ppm|  Construction Description
TL | Topsoik oA e
SM Sand and.Sht: Bentan iz pabas vesd 1o o bokow
T
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J1736.

PILE TEST DATA
J1736

GAUGE PRESSURE DATE: TIME
(pst)

15:15

SETTLEMENT
Inches

Settlement now
0,657 less than ,O1"

Settlement after

E e T

Dec, 8 T115

0.456 Test Complete
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Excavations

35



excavation should never be deeper than waist height
s0 that if there is a cave in, people are not smothered

EXCAVATION IN HIGHLY COHESIVE
SOIL

FIGURE 24

Excavations in highly cohesive and
frictional soils.
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SECTION THROUGH BENCHED
EXCAVATION




Bracing is
{s required to resist
Soll pressure

SECTION THROUGH SHEETED
EXCAVATION
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TIEBACKS




Steel H-pile Wooden planks (lagging) are inserted
between the piles to retain the soil as
excavation progresses







CONSTRUCTION OF THE WATER SCREW
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FIGURE 214

Steps In constructing a slurry wall. A.
The concrete guide walls have been
installed, and the clamshell bucket
begins excavating the trench through
Bentonite clay slurry. B. The trench is
dug to the desired depth, with the
slurry serving to prevent collapse of th
walls of the trench. C. A welded cage
steel reinforcing bars is lowered nto
the slurry. D. The trench 1s concreted
from the bottom up with the aid of a
tremie. The displaced slurry 1s pum,
from the trench, filtered, and stored fo
reuse. E. The reinforced concrete wall
i1s tied back as excavation progresses.
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Foundations
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It was begun by Bonanno Pisano 1173, carried by Giovanni di
Simone 1272 and fineshed by Tommaso di Andrea 1370, It
is 5580 m. high. 1t has 8 orders of which 6 open galleries
with 180 columns and 293 steps. From the top of it
Galileo Galilei experimented the gravitation 1598
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INITIAL POSIT]

Hallow-stem auger.

Sodl to be extracted

INSERTION

EXTRACTION
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NO SETTLEMENT TOTAL SETTLEMENT DIFF 'f"Fff-"' NTIAL
ETTLEMENT




Shallow Foundations

105



FIGURE 226
Three t
Simple wa

r where
surfac

’ C 106
on grade.




FIGURE 224

A column footing and a wall footing of
concrete. The steel reinforcing bars
have been omitted for clarity.

COLUMN FOOTING WALL FOOTING




EARTH FILL PACKED
ASAINST FORMS —

108

Footing Forms Set in Place
Figure B-31
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Wooden Form on Footing
Figure 7-1




WIRE THRU
SPREADERS

STUD

WALE

TIE WIRE
SHEATHING
STRONGBACK
SPREADER
SHOE

Forms for a concrete wall
Figure 6-1
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Removable Pier
Figure 8-15
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This basic
foundation diagram
excludes insulation
and waterproofing!
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Closed cell high—. i
density spray foam™,
insulation »

Flashing ——

8" concrete
foundation v

Corrugated =—= Y
- metal proféction

—Bsheét
i 1
|

4" XRS rigid —>+ Figure 430.: Basements that pro-
insuigliog (B2 vide continuity of the above-grade
perfect wall are usually preferred.

Damdproo:ing e
I
1 ]

|

Capi!iary.'bmak

i
b
L
I

Granular fill — =

27 XPS rigid insulation (R-10) —




Closed cell high
density insulati

8" concrete
foundation w

Capillary|break

Granular fill

2" XPS rigid insulation (R-10})

'fz" gypsum board ceiling
2" XPS rigid insulation (R-10)

2x6 wall with unfaced fiberglass
insulation (R-19)

Jypsum board with latex
paint as vapor retarder

Figure 4.35: A hybrid insulation
approach that can be successful
in all climate zones (below the
permafrost line). No interior low-
permeance vapor control layer or
finish should be used.




" gypsum board ceiling

2'/2" gap between stud wall —

and foundaticn wall

6" open cell low density spray
foam between and behind
stud wall (R-21)

" gypsum board with latex —.
paint as vapor retarder

A basement assembly using open-cell
foam to control air movement,
vapour control and thermal control.
This assembly is limited to climate
zone 6 or lower and dry interior

spaces.

— Spray foam
insulation

~— B" concrete
foundation wall

— Granular fill

2" XPS rigid insulation (R-10)




Exterior siding ol —% Cavity insulation Figure 4.29: An insulated slab
material l|J . —% — Gypsum board with a frost wall supporting a
Rigid insulation ——f 4| /— Sill gasket framed wall.
(taped or sealed joints) ] .~'_ / /— Sealant, adhesive or gasket
Sealant, adhesive — _ |L Rigid insulation
or gasket N asbond break _ concrete slab

|| material

L 2

Protective membrane ——
also acts as capillary
break

- Expanded polyslyrene
Topsoil sloped — J : rigitf_d inf]u:;iliorw under
away per code entire sla

Granular capillary break
and drainage pad (no fines)

«++——— Concrete foundation wall

<+——— Concrete footing
below frost depth
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Parging with Porfland Cement

plaster coaf
; _ . . Q\é _.._'-.‘ .
A e i g }’3. g\ g I
. -1.8._, g_‘ ¢4 (g Ny I
S A S 3 l
L & [l RS 2 S 8 L
8 v S \ 7 R $ |9
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o S 8 e Hah iR TR R PR B2
3 e T s b W | §3
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Qg g R e -g B4R E .E E B g
SaF0 & gLy B B RES
e - - | el ek, XS . | @ S
* 4
| R 2

Y,

> S, B
N NG NN

4"or 6 "droin. Upper holf

N

Joggle joint  Neoprene

of joints covered or key wotersfop Waterproofing
"dumbell "
(a) umbe 7
(b)

FIGURE 2.63 Dampproofing and waterproofing basements. (a) Damp-
proofing. (b) Outside of wall accessible. (¢) Outside of wall inaccessible.




FIGURE 7.2 Reinforced concrete foundation walls.

As soon as the grade difference
between the outside and the
basement floor exceeds around
2.0m, you need to reinforce the
concrete wall.
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Finish floor

concrete slab with
temperature steel / W. W. F.
oo S \ /-’Membrane

‘ A B T
/- o ‘o 'oO T Rock il
Reinf :

Below

/}'OSJ" /ine \

CCompacfed 501/)

FIGURE 2.65 Thickened slabs.
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Insulated concrete forms (ICF)
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Figure 4.31: ICF Basements
systems can be ideal high-perfor-
mance basement enclosurese.

Closed cell high—_
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Deep Foundations for Larger Buildings
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FIGURE 228

Either the combined footing (above) or
the cantilevered footing (below) is used
when column footings must abut a
property line. By combining the
foundation for the column against the
property line, at the left with the
foundiation for the next interior column,
fo the right, in a single structural unit, a
balanced footing design can be
achieved. The concrete reinforcing lie:
been omitted from these drawings for
the sake of clani




FIGURE 23l
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Pile Foundations
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FIGURE 2.28(a)* Isolated pile foundation.




D; ]

~lles

FIGURE 237

An elevation view of a pile cap, column,
and floor slab, Where possible, the cap
1s poured against earth sides, as shown,

for economy and for better resistance to
lateral Joads,
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FIGURE 238
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Finish Concrefe siab with

Expansion joint f/oor\ femperature steel
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FIGURE 2.64 Grade beams.
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Caisson Foundations
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Cable <~

“Cutting edge

FIGURE 2.48

Well bored in clay with bucket drill.
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Raft Slabs/
Floating Foundations
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FIGURE 2.30

A cross section through a building with
a floating foundation. The six stories of
superstructure weigh approximately the
same as the soil excavated for the
substructure, so the stress in the soil
beneath the building has not changed.
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Retaining Walls
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Landscape

*Rugged Quarried
Stone Appearance

« Steel & Fiber Reinforced
Solid Concrete

« Large 16" x 32"
Facing Area

* Engineered
Design
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Landscape
Areas
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Underpinning
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SECTION

A. ELEVATION




Needle beam
SECTION

Need[e beams

B. ELEVATION
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