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Heavy Excavators

Selecting a heavy excavator for hard limestones.
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Excavating in South Florida's“ Capstones’.

Most geotechnical engineersthat have practiced extensively in South Florida quickly
become awar e of the exceptional qualities of the Miami and Fort Thompson
Formation freshwater limestone. Thislimestoneis commonly referred to asa
“capstone’” among contractorsin South Florida (an exampleisshown in Figure 1).
Freshwater limestone strata are usually thin, ranging from 1 to 8 feet thick (0.3to0 2.5
m), and iscommonly described asa very fine grained and moder ately hard limestone
with small freshwater gastropods (helisoma) that clearly identify the r ock.

The Standard Penetration Tests (SPT) usually will not differentiate between hard
limestone and very hard limestone breccia and well-lithified micrite. Commonly, the
limestones encountered in the Fort Thompson For mation are poorly cemented,

inter layer ed with sand seamsthat per mit easy excavation. Thetypical direct shear
strengths of these [imestones are 20 to 80 ksf, unit weights of about 115 pcf, porosities
of up to 50%, specific gravity of about 2.23, apparent void ratios of 0.65 and electric
resistivity of 11,500 ohnms-cm. In comparison, the freshwater lens has aver age dir ect
shear strengths of 150 ksf, but may be as high as 270 ksf, unit weights of 160 pcf,
porositiesaslow as 13%, specific gravity of 2.74, electric resistivity of 19,300 ohms-
cm, specific gravities of between 2.70 and 2.80, modulusratios (E / q,) from 148 to as
high as 260, Poisson ratios from 0.11 to 0.29 (the latter typical of man-made concrete),
and longitudinal wave velocity from 6,000 to 6,500 m/s.



Figure 1. Photo of a specimen of freshwater limestone found below the surface muck at US-27 and Okeelanta,
Florida. Thislimestoneis common to all of South Floridaisawell-indurated medium grey micrite, and isreferred
toasa“capstone” by contractors. Thisparticular stratum wasonly 12 inchesthick, and an inexperienced
contractor attempted to break it using a heavy Caterpillar D11N tractor with asingle CAT-TR-70ripper blade.
The machinelost, and was badly damaged! Experienced contractors know that force aloneisnot effective, and
that proper equipment and technique arerequired to penetrate and excavate freshwater limestone strata.

I nfor mation courtesy of David Julian, Senior VP of Kelly Tractor.



Figure 2. Thissample of freshwater limestone (indurated micrite) was excavated by a marine contractor in the
C-4 Canal closeto FIU. It wastested with hydrochloric acid. Notice the intense reaction of a drop of acid,
indicating a high content of calcium carbonate. Also noticethe similarity of thisfreshwater limestone with the
specimen from Okeelanta shown in Figure 1 (dense, low porosity, high specific gravity, very hard and concave
cleavage). Photo is courtesy of Art Sengupta PE, SFWMD.



Figure 3. Thisphoto showsa sample of freshwater limestone excavated by a marine contractor in the C-4 Canal,
clearly showing the matrix texture of the very hard limestone breccia and micrite. Although this material may
also be described by an inexperienced driller as“vuggy” it radically differsfrom the well known soft vuggy oolitic
limestones common to this same elevation. The true differentiation laysin therock shear strength, expressed
through either an unconfined compressive strength test or a point load test. Also of interest, albeit secondary, is
thefact that the limestone at this elevation ranges from the very soft at Biscayne Boulevard closeto the shoreline,
tovery hard towardsthe Everglades. Thisvariation of strength may berelated to the age of the depositions, with
thewestern limestone older and with less salt in the matrix. Photo iscourtesy of Mr. Art Sengupta PE, SFWMD.



Geologists have proposed that the freshwater depositstook place when much mor e of
the Florida land massthat existstoday was above the sea level (minor ice-ages), and the
precipitated calcium carbonates occurred in very shallow lagoons of rain water. The
absence of salt increased the calcium carbonate's cementation, and the type of fossils
found (helisoma) indicates a freshwater species. Limestone found closer to Biscayne Bay
tendsto be softer, and progressively harden westward towardsthe Everglades. It may
be reasonable to assumethat the harder limestoneisolder, have smaller concentrations
of salt and hence, higher calcium carbonate cementation.

Using the modulusratio (Erock / qu) Values from 148 to as high as 260, the value of thein-
situ unconfined compressive strength of the limestone g, can be separ ated from the
elastic modulus E;o by finding the latter through pulse velocity tests, such as cross-bole
and seismic vertical velocity measurementswithin the test borings, thereby reducing the
need of samplesand laboratory testing.



A useful measure of thein-situ (that is: “in thefield”) rock strength comes from the
Point Load Test. Thisstrength index isused in the laboratory by subjecting arock
specimen to loads between two har dened steel cones, somewhat identical to the
crowd/curl for ces of an excavator’s ugly bucket’steeth. The point strength I is defined

P

l,=— and q, =24l
D

where P isthe test load when the rock ruptures, D isthe distance between the teeth, and

qu iIsthe unconfined compressive strength of the rock. The currently known minimums
and maximums for the point load |s for our local limestoneis,

- Oolitic limestone Qu 24(0.018-0.48) MPa=63ps to 1,680 ps
- Freshwater limestone Qu 24(0.410-1.51) MPa= 1,450 psi to 5,290 ps

(There aretwo many referencesthat can be used for the above, but a commonly available oneisto refer to Prieto-
Portar L. "“TheElastic and Strength Properties of Calcareous Rocks of Dade County, Florida’, American Society
of Testing and Materials, Special Publication 777, 1983).



Figure4. An empirical definition of “failure’ of the limestone is defined by the envelope shown above on the
Mohr-Coulomb failurecriterion. It comprises, (A) a ssmpledirect tension test, (B) the Brazilian tension test, (C)
unconfined compression tests, and (D) triaxial compression tests. Diagram by L. Prieto-Portar.



Sdlection of the Optimal Equipment.

Since MD-DERM prohibitsthe use of explosivesfor excavationsin Miami-Dade County
because of the proximity of residences, experienced local contractors (such as Trans
Florida and Persant) are able to break through these layerson a daily basisthrough the
use of heavy digger excavatorssuch as Cater pillar 375 and 385C. Smaller equipment can
easily be damaged, including the splitting their stick boom frames, etc.

South Floridaisnot alonein the USfor thisrequirement of ripping versus blasting.
Areaswith caliches (Texas, New Mexico, Arizona and California), shale (Utah and
Wyoming) have the sameripping requirements as South Florida’slimestone.

The choice of bucket isalso critical. Theinitial penetration of the freshwater stratum is
attained through a relative small bucket (from 16" wide) with only threeto five teeth (3
teeth for a CAT330 and 5 teeth for the CAT385C as shown in Figures8 and 9) in order
to carefully apply the entire crowd and curl forcesinto a very small tooth area. This
highly directed force permitsthe operator to carefully break open a hole through the
through the freshwater stratum, and then increase their production using a larger
bucket by under-excavating the layer and " scaling" the freshwater rock into small slabs.



The effectiveness of the excavator-bucket combination dependson their curl and
crowding forces. Bucketsareasarule, selected asthe narrowest and with the
shortest tip radiusfor ripping freshwater limestone.

The contractor will thus follow a procedure such asthis;

(1) Select thelargest available digging (ver sus loading) excavator and match it with the
bucket having the narrowest width and shortest tip radius. We can start with
CAT385C and a G5.5HB bucket (Komatsu hasa similar arrangement).

(2) Check the available booms. CAT385C has a general purpose boom that will reach a
depth of 30'-5" (seetable below). Thisis morethan satisfactory (need only 15 feet is
excavating from the canal banksor only 13 feet if excavating from the 2-foot
freeboard barge).

(3) Check lifting capacity envelope.

(4) Check the excavator specificationsfor drawbar pull force. A CAT385C hasa 6
cylinder 523 hp engine, weighs 185.5 kips, and has a drawbar pull of 133 kips. It
sitsupon 10,137 in? of shoe area (treads), which imposes a bearing pressure of 2.64
ksf upon the soil surface. Many siteswill not carry this high load.



Figure5. Thisisaplot of therated lifting for ce capacity at different locations of the bucket for a hypothetical
excavator. The maximum lifting for ce (tipping load) occurswhen therear roller liftsclear of thetrack railsat a
gpecified radius. Therated load isusually 75% of thetipping load, and 85% of the hydraulic capacity. Cater pillar

Perfor mance Handbook, Edition 37, February 2007.






(1) Check the excavator’s digging envelope. For the CAT385C, these are,

Figure 6. Digging envelope for the CAT385C.






Calculatethe“ripping” force of the bucket to overcome therock’s strength.

Theripping forceisa combination of the curling and the crowd forces. The curling
force Fg istheforce of penetration of the bucket into the limestone, whereasthe
crowding force Fsistheforcethat keepsthe pressure of the bucket into the rock.

L et us calculate each for the CAT385C with a G3.4JB bucket (the “ ugly” bucket).
The calculation for the curling force Fg and the crowding force Fs usesthe table
shown below, and the dimensions from the figure below.






Figure 7. Dimensions for the CAT385C excavator with the G3.4JB bucket
combination: A=49" /B=32"/C=27"/D=77.25 |E=49" | F =211.2%"



The bucket curl force F; is given by,

_ (bucket cylinder force) (armA)(amC) _ (86,4001b) (49")(27")

F = = =46.2 ki

° (bucket tip radius D) (am B) (77.25inches)  (32") S
Similarly, the bucket crowd force F is given by,
. (stick cylinder force) (arm E) (76,950 1b)(49") —17.8Kips

® (arm F=bucket tip radius D + stick length) ~ (77.25" + 134")

(8) These forces must overwhelm therock’s strength. Let us spread these for ces over
the teeth that are expertly applied by an experienced oper ator.

The pressure from the curl force F; is given by curl pressure py,
B Fs _ 46.2kips
P = (advanced teeth) (each tooth area)  (2)(4")(1")
Similarly, the pressure from the bucket crowd force F, is given by the crowd pressure p.,
_ F _17.8kips
Ps = {total tooth area)  (5)(4)(2")

= 5,800 ps

=445 psi




Finally, compar e these forceswith those shown at the beginning of thislecture,

- Oolitic limestone Qu 24(0.018-0.48) MPa =63 ps to 1,680 ps
-Freshwater limestone Qu 24(0.410-1.51) MPa=1,4501t0 5,290 ps

Therefore, the curl force provided by the CAT385C of 5,800 psl isin excess of the highest
value 5,290 ps of the unconfined compressive strength of the strongest freshwater
limestone reported in our area.

Obviousdly, some contractors may be lucky and have an area with the weaker variety of
freshwater limestone. They may thus be able to excavate with a less power ful
excavator. However, this approach would be a hit-or-miss proposition.



Figure8. Anideal bucket to break through a freshwater limestone stratum isthis 5-tooth rock ripper bucket
shown above, the CAT G3.4JB, also known among contractors as an “ugly bucket”. Thisbucket isused on a
Caterpillar 385C digger excavator. Notice the differencein the teeth of the ugly ver susthe conventional bucket
(below it). The Caterpillar Corporation is so confident in the effectiveness of this bucket, that they guaranteethe
teeth against breakage (they replace them free of charge). Theteeth are spaced and aligned so that the two outer
ones engage therock first, followed by the next two inner ones, and finally the center tooth. This arrangement
permits a higher load viathe curling force FB upon therock, in order toinitiate penetration. That forceis
followed by the crowd force FSthat keepsthe bucket pressured into the rock. Photo by author of report, at Kelly

Tractor’syard.



Figure 9. This 3-tooth modified rock spade bucket isoperated with a CAT330D digger excavator, which isa more

economical alternativeto the CAT385C digger excavator, but provides much smaller bucket curling and
crowding forces. Itsability to cut through thicker layersof freshwater limestoneislimited to the softer range.

Photo by author of report, at Kelly Tractor’syard.
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