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Birth of an Amphitheatre
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MEW STAGE STRUCTURE

New Canopy Design
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* Pile loads varied from:
* Compression:
90 kip — 160 kip
* Tension:
30 kip — 60 kip



Space Constraints
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Testing Requirements - Performance




Testing Requirements - Proof

* Proof testing on production piles
* Challenge to set up & manipulate beams in tight space
* Limited beam size could be handled inside




Proposed One Lower Capacity Pile Type

* Pile layout issues to fit enough lower capacity piles in
original proposed footprint at higher loaded pile cap
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PILE GROUP EFFICIENCY - SOUTH END PILE CAP B-B.4
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Group Capacity, Py
Puq = “Iu”u T 51:",»

'Nhere,

Ultimate Shear Strength, 5, = 10.8 ksf
Pile Spacing, s, = 4.33 ft

Pile Spacing, 5, = 5.00 ft
D,y = 6.0in

Bond Length (all helices), B = 180.0 in
a=60.0°

Group Pile Shear Area, A, = Bx [(s, + D,,,) + (2 x (s, + D,,,) / sin(a))] = 249.8 ft?

P = 2,711 kips

—_—

Individual Pile Capacity, P,
Allowable Individual Pile Capacity, P, = 90 kips
Factor of Safety, FS= 2.5

Uttimate Individual Pile Capacity, P, = 225 kips
Number of Piles, i= 12

IP,

, = 2,700 kips

Group Efficiency, n

n=

Py

XiP

Group Capacity
X, Individual Capacity

1.00 > 1, No Group Effect




ST TN T

_ _. 0
I
|

e T e G i e )..},HD
/
M

MICROPILE PER |
SCHEDULE TYF) — \
( iy Tty o
[ T __
i __ ___ ___ i T _
R T A_
|
__ __ __ ﬁjn: . A
| I BB402 { _
g/ )
w_.. ___ M____ ___ M____ | | J
W s___ ] ___ _w___ __{71!# BE416
_ BBAD3 - Ly -
_____ [ T - ___ | ___ .. -
’ ___ ____ ___ ____ A T ___ - K«PWA
.__ | f ||I|I|I|I|r
_ __ b " BB4t0
) __ J | s ,M\% _,
(o SIS s T
> | o BB13 13- > _#
? ANl _, \w =
v R ﬂ.«ﬂ.ﬁ\ “___ |
| | = __
/

PILE CAPB-B4
R



Existing Condition Challenges
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Design
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Outcome

e Successful install

e Steel plates were right on per GC. Largest
variance was 3/8 inch.

* Successful load testing & grout testing
* On schedule. Within Budget




Concrete Pile Cap
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Micropile Installat



Micropile Installation Challenges

* Overhead clearance limits, narrow passages, tight corners

» Steep ramps with unknown capacity, at key access locations

* Air quality control

* Historic site protection and cleanliness

* Compressed schedule with concurrent contractors on site

* Covid environment

 Staging limitations for drill and grout, long distance hose routes
* Man portable equipment, no skid or lift

* Water and muck






Pile Drilling

TEI 350 with steel mast drill

6 inch piles; bit and auger and
down hole hammer drill string

Hole control

Re drilling collapsed holes
Drill spoils management
Gantry crane

Hoist

Safety straps

Crew Muscle and Attitude
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Air Quality Controls and Drilling Site Protection




Red Rocks
New Stage
Roof
Keys to
success

Relationship between Engineering, Installer, General Contractor and Owner.

Magnum GeoEngineering, Martin/Martin, Yeh & Assoc., Park Range Construction, GH Phipps, City of Denver
Pre-Construction Planning

Installation crew skill, creativity, and attitude Thank You!

Safety Magnum GeoEngineering &

Equipment and tools Park Range Construction
M/WBE, DBE & SBE Contractor
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