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Before We Get Too Far today lets take a
SAFETY Moment

'I'HINI(ESAFE

Think Safe, Work Safe, Go Home Safe




COLORADO BREAKING NEWS, SPORTS, WEATHER, TRAFFIC, JOBS

CDOT mourners note job's dangers

By Tom McGhee
The Denver Post

POSTED: 04/09/2008 01:00:00 AM MDT

Paul Forster and Eladio Lopez should have returned to their
families after a day on the job behind a string of orange safety
cones four years ago. Instead, a drunken student going the wrong
way on Interstate 25 mowed them down, cutting short their lives
as they worked to make the highway safer.

They were "out there making a living fixing the roads for the
people of Colorado," said Joyce Bunkers, a friend of Forster's who
spoke at a ceremony Tuesday honoring Colorado Department of
Transportation workers killed on the job.

Since 1929, 57 CDOT employees have died in the line of duty.

ADD A COMMENT

at the memorial for Colorado Department
of Transportation workers killed in the
line of duty. The white marble
monument, with workers' names, sits in
front of CDOT headquarters in Denver.
(Kathryn Scott Osler, The Denver Post)
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Treating the Symptoms - roadway

» Void Filling

» Slabjacking

» Remove and replace
» Overlay

» Monitor




Slabjacking / Void fill

» Process by which a mobile material is injected
between the soil subgrade and the underside of
the slab to restore intimate contact and to fill
voids. Slabs and sleepers can be releveled to
fine tolerances with this process

— Cement Slurry — not used as often anymore
— Polyurethane / foam - used most frequently
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Sleeper slabs can be jacked — with
caution
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View... Settlement
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If using mobile grouts ( cement or poly) care
must be taken to assure product doesn’t get
between the slab and sleeper
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Jacking Sleepers

» Injected in liquid form so can travel some before
setting. When trying to lift sleepers, numerous
contractors have gotten foam between sleeper
and slab and lifted slab off the sleeper.

— Big profile dip is often eliminated, but sharp bump at
sleeper is there forever if slabs are picked up off of
sleeper.

— Reports of sleepers being twisted
— It is a chemical reaction and things can go awry




Things to consider

If the consolidation or settlement problem is deep and
ongoing, settlement will likely continue regardless of
which material is injected at the shallow depths.
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How can one reduce risk of poly (orsumy
Infiltration in between sleeper and slab
while assuring controlled lift?

SLEEPER RELEYELING PROCESS

STERP | - QUNER OR G.C. PROVICES TARGET ELEVATIONS ON SLAB.

BTEP 2 - HBI DRILLS NOMINAL 2" HOLFES THROUGH S$LEEPER Ol
APPROX. B CENTERS.

STEF 3 - HBI INSTALLS GROU™ CASING ~O DEPTH OF APPROX, 3-8

STEP 4 - A LOW MOBILTY GROUT IS INJECTED TO DENSIFY, STREMGTHEN
AND COMPACT $HALLOW ZONE BELCW SLEEPER.
MULTIPLE POINTS ARE INJECTED CONCURRENTLY WHILE
RELEYELING SLEEPER TO DESIRED ELEVATION.

STEP 5 - LPON COMPLETION OF &L EEPER RELEVELING, SMALL DIAMETER
HOLES SHALL BE DRILLED AS NEEDED THRCUGH THE ADJACENT
8LABS TO FILL vOIDS AND RELEVEL S.ABS,

STEP © - LPON COMPLETION OF ALL GROUTING, ALL HOLES SHALL BE
PATCHED WITH A NONSHRINK GROUT.

LMG / HB Po

APPROACH SLAB

POLYURETHANE
FOAM
INJECTION TO
FILL VOIDS




Introduction--- What is Compaction
Grouting or LMG

Compaction Grouting uses displacement to improve ground
conditions. A very viscous (low-mobility), aggregate grout is pumped
in stages, forming grout bulbs, which displace and densify the
surrounding solls. Is also a very controlled means of releveling




LMG controlled grouting and stabilization

PowerPoint by thinayr.c



Low Mobility Grouting / POIy CombO B”dge
Approach Remediation

_|Can be used to treat both the “‘symptom
and the cause” or as a shallow to

- dmoderate depth controlled lifting process---

LMG Grouting Is not outdated, a bad thing,
nor Is it going away.

Click to begin demonstration!
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v Pressure
g monitoring
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(s) Grout Installation:
(“bottom-up method”)
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SLEEPER 17

ROAD SURFACE
(GROUT LEVEL)

APPROACH SLAB

POLYURETHANE FOAM
INJECTION TO FILL VOIDS

EMBANKMENT
FILL

BOTTOM UP COMPACTION
GROUTING FROM COMPETENT
BEDROCK

BEDROCK

SECTION VIEW
'l/ L4 = ‘llol/




T-Rex Bridge Approach stabilization
re-leveling

S 20 20057
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So why utilize the low mobility and Poly lift
systems in conjunctions with each other? g&

1) Utilize the time tested, cost effective, predictable efficient low
mobility grout to lift load bearing elements such as a sleeper.

2) Utilize low mobility grout to densify the subgrade to a competent
bearing stratum if desired for long term stability.

3) Utilize lightweight poly foam to fill voids and to lift adjacent slabs in
conjunction with the low mobility grout

* we don’t ask the “foam” to do too much. Anytime you can use
foam under the least amount of pressure, you get a “better bang for
your buck”.

4) Overall cost — This combination process is much more cost effective

5) Long term stability — Combination of the processes provides a nice
balance of cost and durability

6) Predictable results
7) Risk reduction in getting foam between sleeper and slab




Potential Advantages of Compaction or
LMG in roadway or bridge work

» Cost — still very economical — (density doesn’t change
when injected so you get exactly what you think you are paying for)

» Readily available
» Time tested and proven

» Very controlled and predictable process for re-
leveling sleepers

» Pin point accuracy

» Assured and warranted long term solution if full
treatment depth is performed




Grout Price [$/CF)

$140.00

$120.00

$100.00

$80.00

$60.00

540.00

$20.00

Price of Grout vs Density

10 12
Density (Ibs/CF)

14

16

w Polyurethane®

= Compaction Grout**

*Polyurethane
densities can vary
with heat and
confining pressure.
Recovered samples
have shown densities
of up to 27 Ibs/CF.
Price per cubic foot
can fluctuate.

**Compaction Grout
densities do not vary
so the price per cubic
foot is constant.




Things to consider

» When grouting directly adjacent to MSE walls,
embankments or abutments, one must monitor
and grout with caution as the densification
process compacts soils for some distance from
the point of injection as determined by grout
placement quantity
— ( Seguencing is very important)

— ((admittedly, it may not always be the right in-situ
remedial technique)




Other uses of Compaction or Low
Mobility Grouts

» Embankment Fill rehab
» MSE Wall stabilization
» Wall Backfill rehab

» Trench Backfill renab

» Compensation / Emergency grouting ( tunneling
gone awry, utility break)




Man Placed Fill around box culvert rehab




3D As Builts are now commonplace

LEGEND
GROUT PRESSURES

0 psl - 50 psi

50 psl- 100 psi
100 psl = 150 psl
150 psl = 200 psl
200 psl = 250 psl
250 psl = 300 psl

300 psl =350 psl

. 350 psl - 400 psl
. 400 psl - 1,000 psi




Embankment Fill rehab between MSE Walls




Grouting Plan

PROJECT CONTROL Numeer:_ A300074

\\\\S

DE:
1. COMPACTION GROUT COLUMNS CAN BE TRIMMED WITH STANDARD NEAT CUT.
EXCAVATION EQUIPMENT AS NECESSARY.

2. GEOGRID TO BE TYPE 2 BIAXIAL GREOGRID THAT CONFORMS TO

prone: 505-798-67247 EMAL. ISAAC.CHAVEZ @STATENM.US

GROUT INJECTION AREA

MSE STRAP AREA

@)

®

£

Point Table

Point# [  Northing Easting
10 | 1491461.8277 | 1545142.5307
18 | 1491356.4246 | 1545437.7458
11 | 1491486.7132 | 1545157.5350
12 | 14914727752 | 1545179.4958
13 | 1491405.3753 | 1545277.4873
14 | 1491380.6758 | 1545324.7334
15 | 1491374.0940 | 1545341.6013
16 | 1481371.2757 | 1545354.1964
17 | 1491362.9745 | 1545419.7208
19 | 1491337.3400 | 1545471.6100

z

50 100

g.

DESIGNED BY: ISAAC CHAVEZ

NMDOT SPECIAL PROVISION FOR GEOGRID BASE REINFORCEMENT, @
SECTION 604D.
PROPOSED CWB @)
TYPE | BASE COURSE WITH THREE LAYERS OF TYPE ™
2 BIAXIAL GEOGRID. REFER TO DETAIL A, SHEET 2-5 |
A R T DR LIMITS OF NEAT CUT, SEE PLAN | :
e FOR LOCATION.
S = il | )
a
D A | | JJ g :
___—MSE STRAPS,REFER TO RECORD DRAWINGS || ) 2
FOR APPROXIMATE GEOMETRY OF STRAPS | | &
L 5% | z
el —————COMPACTION GROUTING | ! =
g COLUMNS AT 8-FT CENTERS Point Table | | g
IN OFFSET GRID. TO BE - =
DESIGNED AND INSTALLED BY Point# |  Northing Easting | I 9
Zﬁw&fb‘é‘;’g";’f TOR. 20 | 1491310.6035 | 1545507.4842
COMPACTION GROUTING IS 21 | 1491283.7300 | 1545680.8700
30-FT BELOW TOP OF EXISTING
PAVEMENT. SEE NOTES 22 | 1491248.0880 | 1545650.9105
ON SHEET 5-1 AND NMDOT SPECIAL
PPROVISIONS FOR COMPACTION 23 | 14912312202 | 15456509540
R&?ﬁgﬁiﬁ’f CATION 24 | 1491289.1100 | 1545509.6100 Point Table
EMBANKMENT FILL 25 | 1491307.1015 | 1545409.9468 Point # Northing Easting - DESCRIFTION oaic_|ov |
: celbincniit s 26 | 14913226155 | 1545412.6632 31 | 14912417008 | 1545664.1510 W M';;"’I"ég' g‘é‘;;’;‘_r”m e
% 5 R 2 " 27 | 1491334.7476 | 1545347.2745 32 | 1491217.0429 | 1545715.0455 OF TRANSPORTATION
| varies |__a.omax. 8.0'MAX. 28 | 14913412846 | 15453331189 33 | 14911958700 | 1545724.1700 A360074
30 | 1491380.6953 | 15452604965 34 | 14912207327 | 1545672.9575
GROUT INJECTION
SECTIONA-A
el s g LOCATION PLAN
ORAWING SCALE:

NEWMEXICO PROJECT NO.  A300074

sweerno. 52




Grouting Operation




Actual Field Log







Tablet Compaction Software
e . _ EIE'[E

File  Wiew Edit Help

COMPACTION GROUT LOG REFUSAL CRITERIA:
DATE: 632000 | @ TARGET YOLUME
PUMP TYPE: P ] @ TARGET PRESSURE
pump sTRokE voL: [T @ MAX PRESSURE
arouT TEcHNiciaN:  [EETNEEE &

HBI PROJECT NO.:

PROJECT NAME:

4 GROUT POINT NO.:

MAXIMUM DEPTH:

STAGE LENGTH:

DEPTH GAUGE PRESSURE STROKES STAGE VOLUME TOTAL VOLUME ELAPSED TIME

| Manual __ o0 (G s00cr QN 69.0c |

: ()stop | Mext Stage

> I

[ [P
e ge s ey M B SIS comans
100.0 93.0 1.55:40 P 1.55:45 PM 00;00,05 EE2.18 36818 5 50
93.0 92.0 1.55:46 PM 1.55:47 PM 00,0001 EE2.18 J68.18 2 20
92.0 970 1.55:47 PM 1.55:49 PM 00;00:03 EE2.18 J68.18 1 1.0
97.0 960 1.55:49 PM 1.55:50 PM 00;00,00 0.00 0.0o 1 1.0
9.0 95.0 1:55:50 PM 1.55:51 PM 00,0001 E11.81 N1 0 0o
950 340 1:55:51 PM 1:56:12 PM 00:00:21 74169 421,69 21 2.0
94.0 930 1:56:12 PM 1:56:18 PM 00:00:06 E2017 32017 7 70
930 920 1:56:18 PM 1:56:20 PM 00:00:03 64921 34941 2 20
Q 920 91.0 1:56:21 PM 1:56:49 PM 00:00:28 72375 42375 30 300
91.0 0.0 00:00:00 0.0o 0.0o 0 oo
0.0 890 00:00:00 0.0o 0.0o 0 oo
283.0 880 00:00:00 0.0o 0.0o 0 oo
aa.0 ara 00:00:00 0.0o 0.0o 0 oo
aro 860 000000 Q.00 0.oo 0 oo w

&/32010 1:56:48 PM Connection: Connected Logger: <n




Tablet Compaction Features

» Stores data in SQL
database on local
machine.

» Syncs data directly to
DAQ server database

i"\‘ ‘H\Mr’ ‘IIIJHNH~ HU hhi;uhlm i M"‘DH "l | H\HL\
i 1

» Finished Excel logs A
are automatically ¢ Real-time graphs of
output at the end of pressure, stroke
each operation count, volume

¢ Add comments for
each stage




USING HOLE SEQUENCING FOR

VERIFICATION

Depth (ft)

55.00

60.00

65.00

70.00

75.00
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Grout Volume (Cubic Feet/ft)
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MSE Wall and footing stabilization
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IBM Village Center Caisson Stabilization Plan
Dallas, Texas Using “Compaction Grouting”

2 Inch LD. Casing
Cemented in Place

Column

3 1/2 inch Hole

Injected Grout Mass

(No Scale)




Compensation Grouting— Tunneling




Mississippi Ave. outfall Tunnel Project
Denver, CO

»Problem Description:

»Fifteen-foot diameter TBM cutting in claystone, transitioning into
saturated granular alluvium only 25’ below city streets and buildings.
High potential for subsidence in mixed-face transition zone

»Solution:

»HBI worked with the tunneling contractor to develop a Compaction
Grouting Program to compensate for settlement over the TBM, to allow
tunneling to progress through this zone without surface disturbance.




B3
‘&’.l‘ ]

ORI W01
S| BN,

Broadway
‘
|

ws.2 | el BRSSEEETT L Ry S
= ) 1 = 1 = |
e QAN i C— o semaceeman S e R ||
‘ = <0) it - Pictle =5 5260
S : 1w i v g / 5
- | < i i : uﬂ-m:’mwn £ ] x =
. g Mm "m "
o » B | fire W Coheske Alwiom s = : 5250
whl T e = PR = 3.LAIS e N e
* = S
=
5 » (*
" — I i «
- —— = 1 e A 5230
e T o 3 =
. a Medium dense 1o dense SAND 1 Sl & 24 a
’ " ‘gravelly SAND and sandy GRAVEL ol > &) 8 5220
J_| wr R - oo
Saen b — =
Very low 1 low sirength R - Sy RE=
c Very low 1o low strength N S
o 0 e Hr sosoemarsoe ST o s210
-y
Ll
4 ;T = Drainage Tunnel - y = |-25 Pipeline —— 8200
—— c—— <7 45600 16400 17400 18400 19400 20400 21400 22400 23+00 2400 25¢00 28400 27400 28400 29400 30+00 3140 noo.nm

Elavation in Feet

4. Materials encountered in Borings 8-1,8-2. 83,
MIS-1, and Mi§-2 shown ondy baiow current grade.

5
used 1o determine 1he depth of bedrock. The
bedrock contact is difficut 1o determine with an
.

suger epth
considered approxmate nd may be higher.

T-REX Mississippl Tunnel
Denver, Colorado

SITE AND EXPLORATION PLAN
AND GENERALIZI




Earth-pressure-balance TBM Portal




Grouting Holes

¢ Flush-joint 2-5/8" grout
casing advanced to point
10" above tunnel crown on
10’ centers, ahead TBM
advance.

e Low slump compaction
grout injected as tail shield
passes by to compensate
for soil loosening.




Compensation Grouting Plan

/4
25 M%i GROUND SURFACE _
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Drilling and setting grout casing ahead of advancing TBM
on tunnel centerline. Angled hole to avoid high pressure
gas line.




Compensation Grouting at Transition Zone

€ Extensometers and tell-tails showed when and where settlement
occurred

€ Compaction grouting commenced immediately to compensate for
soll loosening above tunnel

€ 6 cubic yards injected into three holes in transition zone at low
pressures during tunneling

€ Second phase of compaction grouting conducted later to tighten up
ground in the transition area; higher pressures, lower takes







Drilling above tunnel to compaction grout voids




Grouting Holes in Sinkhole area

grout casing advanced to point 5’ above tunnel crown into
center of each sinkhole, and at all stations where TBM
parked between shifts. Voids logged and casing set for
grouting

Low slump compaction grout injected to fill and compact
voids.

Up to 5cu.yd placed in base of sinkhole areas at 150-
200psi.

Sinkhole filled and stabilized from bottom to surface under
street.

78 in. brick-lined storm sewer also stabilized




Project: Trench Backfill Rehab

Infrastructure Developed in 2005 — 2006

> The Issue

= Significant pavement distress & settlement in roadways starting
in 2007 — 2008

= Settlement on the order of 3 — 6 inches with multiple areas
exhibiting settlement as much as 12 to 24 inches

= CTL | Thompson determined that settlement was due to poor
placement and compaction of sanitary and storm sewer trench
backfill

= About 7600 lineal feet of sanitary and storm sewer trench and
associated manhole backfill was at risk or exhibiting settlement

= Backfill depth ranged between 13 to 19 feet for sanitary sewer
trench

= Storm sewer pipe diameter ranged from 24 to 78 inches. Backfill
depth ranged between 9 to 22 feet with isolated areas of 25 to 30
feet depth.
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Photo 1
June 4, 2009
Project No. DN 43,846-145
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Photo 2
June 4, 2009
Project No. DN 43,846-145




Photo 355
June 8, 2009

Project No. DN 43,846-145
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Project No. DN 43,84

Photo 356
June 8, 2009



Photo 358
June 8, 2009
Project No. DN 43,846-145




Photo 63
June 5, 2009
Project No. DN 43,846-145




Photo 64

June 5, 2009

Project No. DN 43,846-145



Photo 66
June 5, 2009
Project No. DN 43,846
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Photo 81
June 5, 2009
Project No. DN 43,846-145



Remediation Alternatives

» Mechanical Remove, Rework or Replace of
Existing Fill

» Densify the Existing Fill in Place using Low
Mobility Compaction Grouting Techniques




Considerations for Remediation

» Mechanical Methods
= Total Trench Remediation 7600 lineal ft

= Top of trench may need to be on the order of 12 to 18 feet to
address backfill zone

= Depth of trench may range between 6 to 22 feet

= Shoring and/or bracing of trench sides to protect existing
Improvements

» Underpinning & support of shallow utility crossings

= Difficult to address fill beneath pipe at gradient/ manhole
changes

= Portions of existing fill too wet to remove & replacement may
need to dry or export/import

»= Prolonged lane and road closures




Considerations for Remediation

» Mechanical Methods (cont'd)

= Weather could impact progress

= Significant cut & removal of existing pavement system and
associated, curb-gutter & landscape islands

= Schedule/duration
= Cost estimate varied from $2.5 to 3.5 million

» |f done newly placed & compacted backfill may experience
consolidation & settlement




Considerations for Remediation

» Compaction Grouting Technigues

= Method uses a 3 inch diameter core for access through
pavement

= No need to remove & replace pavement

= Weather typically does not impact contractor’s operations

* |ncreasing density in place — Alternating patterns allows
verification of previously grouted areas
= Can potentially lift & correct grade
= Concrete Elements
= Asphalt Elements
= Void fill beneath concrete elements with either grout of
polyuerethane

= EXisting utility avoidance




Considerations for Remediation

» Compaction Grouting Techniques (cont’'d)

= Minimal disruption to traffic flow
= Traffic lanes re-open each night & on weekends

= Design/build approach allows field adjustment as conditions
warrant

= Address fill beneath pipe and gradient drops

= Rotomill & repave as needed — no complete removal necessary
except at previously damages areas
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ARISTA
Roadway Monitoring

November 27, 2012 Aprl 3, 2014
HI Minus Elevation PT# HI Minus Elevation  Diff.
1 5483 859 3.865 5479994 1 5483.747 3.760 5479987 -0.007
2 5483.859 4295 5479 564 2 5483.747 4193 5479 554 -0.010
4 5473.687 4305 5469.382 4 5472130 2752 5469 378 -0.004
5 5473687 5875 5467 812 5 5472130 4323 5467 807 -0.005
6 5473.687 12.300 5461.387 6 5466.319 4922 5461.397 0.010
11 5447 040 7.840 5439.200 1 5445 661 6.452 5439209 0.009
12 5447.040 8.825 5438.215 12 5440.233 2.018 5438.215
30 5446 642 3.393 5443 249 30 5447 752 4.498 5443254
3 5446 642 3.198 5443 444 31 5447 752 4303 5443 449
32 5446 642 2.862 5443780 32 5447 752 3978 5443774
39 5483.859 2.210 5481.649 39 5483.747 2110 5481.637
40 5483.859 2720 5481.139 40 5483.747 2618 5481.129
41 5483 859 3.968 5479.891 41 5483.747 3.860 5479887
42 5483.859 4 657 5479.202 42 5483.747 4 540 5479207
86 5446 642 2.640 5444 002 86 5447 752 3748 5444 004
87 5446 642 1.795 5444 847 a7 5447 752 2905 5444 847




Compaction Grouting Project Summary

» Atotal of 1800 grout locations

» Total grout volume:
« 508 cu yds sanitary sewer
« 1214 cu yds storm sewer

» Estimated volume replacement ranged between 8 to 12
percent

» Translates to increase density in that same range

» Cost at budget due to the design build approach adjustments
allowed additional areas to be treated which were not part of
the original scope

» Minimal impact to the public
» Essentially no additional trench/pavement settlement




Ground Modification Techniques:
Increase Bearing Capacity / Reduce
Settlement
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Soft Soils Under Proposed Exit Ramp
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Wick Drains:
Decrease Settlement

» Prefabricated Vertical Drains (PV drains, PVD’s)

» Wick Drains
» Synthetic drains
» Band Drains |
» Strip Drains |

no drains

f
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vertical drains
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jked settioment vertical drains with preload

preload period
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Wick Drains

With Drains










No Time for Settlement:

Vibro Techniques

lacement
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Vibro-Re
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Vibro Piers — Time Tested

Keller rigs, circa 1932

Keller rig crews, at 1910
50t anniversary
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Installed using top or bottom feed methods
(Above or Below Water Table)




Stone Columns/Aggregate Pier Design
Methodology

Reinforcement
Mechanism / Model







Vibro Piers:
Bottom Feed Unit




Very Soft!
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Rigid Inc

usions

(controlled modulus columns)

» High modulus columns
constructed through
compressible solls

» Not In direct contact
with foundations

» Used to reinforce soft,
compressible solls

» Load transfer platform
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Subsurface Load Transfer

load transfer
platform

soft layer to be
reinforced

Substratum

(bearing layer)

Settlement of soft soil

Settlement of RI in

substratum and transfer of
load by positive friction

Transfer of load to RI
by negative skin friction
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Equilibrium between positive
and negative friction. Neutral
point appears
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Still too much calculated settlement?
Soil Mixing
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Soil Mixing
» 50psi to 500psi
sollcrete

» Dry or Wet
Mixed

» Data
Acquisition
Avallable




HAY“ARD Wf,_lst I_kjlwling Phasze 2
D at a BAKER Wet Soil Mixing Installation Log

Geotechnical Construction Column 1-154
- L] L ]
A C u I S I t I O n Column Diameter: 2.0 FPenetration Avg. Injection Ral 155.08 gpm Date: Ti412014
q Column Length: 2653 ft Withdrawal Avqg. Injection Rats 3350 gpm Start Time: 2:54 PM
. Top of Column Dep 2.34 Avg. Penetration Hate: 0,99 F'min End Time: FEFPM
fo I SO | I Average Grout S5G: 144 Aug. Withdrawal Rate: 303 fumin Penetration: 00:20:04
Total Grout ¥olume 2042 gal Inclination [X]: 058 Withdrawal: 000342
M i X i n Total Binder Weight 16335 |bs Inclination [Y]: 0.4 Total Time: 00:23:46
g Avyg. Binder Conten 347 lbsicy FProject X: Q.00 fels Rig: BiG-2%
(H B I D E Q) Job Number: SE0047-28 Project ¥: 0.00 s Project Z- 000
Binder Content (lbs/cy) or BRN Dwilling Index
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Soil Mixing
at Work
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Mass Soil Mixino
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What If access is a problem?
Jet Grouting

Jetting for Scour Protection: Ortega Hwy 74 Bridge -.. _
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Jet Grouting Systems

Single Rod f E] %
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Typical Soilcrete Strengths

PSI(MN/m? )
1500 —
1oy Cement
Content
& a0 | 150-250
=2 L kg/m"3
g Sands and Gravels
2 1000 —
2 689 200-275
o)
@ kg/m”3
Q 750 —
& (5.17)
8 ' Silts and Silty Sands
° 250-350
:‘—:_’ 500 — kg/m”3
€ (3.44)
§ Clays
> 250 300-400
o A
(1.72) : : | kg/m”3
Organic Silts and Peats
0 1 1 1 1 1 3
0 10 20 30 40 50 60

Age (days)




Questions?




