Tualatin Valley Water District

(\M\

Reservoir Inspection and Structural
Analysis

Pete Boone, PE, PLS — Tualatin Valley Water District
Pete Slocum, PE, SE — OBEC Consulting Engineers
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(@~—> % Why s this important? See anything?
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«@—=—> - Considerations when planning inspections

. Safety

. What are we looking for?

. Steel vs. concrete

. Interior vs. exterior

. How do we get a good look at the roof?
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. Confined space entry
« Fall hazard
. Water hazard
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(> What are we looking for?

o Steel tanks
= Paint failures
= Corrosion
= Algae
e Concrete tanks
= Cracks and crumbles
= Exposed rebar
= Rock pockets
e All tanks
= | adders
* Piping
= Hatches

= Vents Things that look bad
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(@3> Interior inspections

Full Reservoir
. Roof inspection by boat

Drained reservoir
« Wash down walls and floor
« Visual inspection from floor
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(T Boat inspections

Safety considerations

. Lockout/tag out for reservoir valves

Air monitor and radio communication

Retrieval system and harnesses

Lifejackets and second raft deployed

Rescue plan and coordination with local fire dept.
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(T3> Boat inspections
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(T3> Boat inspections
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(== Concrete roof configurations

Network of beams and columns
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Concrete roof configurations

Columns and drop panels

4" nom. dia. D./. 6— 1" dia.
washdown pipe. sample
N See Dwg. SXX lines

il <:
24" nom. dia. D.I. \\

nlet /outlet pi ‘_'-y\'\",\-N
inlet/outlet pipe. M2 ==~
See Dwg. Sxx ‘?%“‘ \

24" nom. dia.
D.l. inlet pipe.
See Dwg. SxXX

7.0. slob center of
tank E1. 389.89
N = 663850.0
E = 7627264.0

Wall construction joints
shall be constructed
45" gpart or as
approved, see Dwg. SXX-

&” nom. dia. D./.
drain to manhole

20" nom. dia. D.I.
overflow pijpe to M.H.

Note:
See Civil Plans for

17'-8"\18"-0"{18-0"

18'-0"|17-8"|

2'-0" dia.
column, typ.

6'-6" squore
column fooling,
tp. See Dwg.
Sxx

7I.0. slab edge
£l 388.30, tp.

additional piping layout
ond details, and the

89" —4" wall 1.D. bz

ring road

FLOOR PLAN

Scale: 17=40’

Subdrain system,
typ., see Dwg.
SxXx

Provide guardrail.
15°-0" each side of
ladder. See Dwg. SXX

Ladder ond bollards.
See Dwg. SxX

Aluminum floor door
in roof. See Dwg.
SXX. 4’ x 6’ Bilco
JD—-3AL (or equal).
Aluminum lifting

hoist (total of 2)
See Dwg. SxX

Existing reservoir (to
be removed). See SXX
for demolition plan

Existing reservoir (to
be removed). See SXX
for demolition plan

PVC subdrain outlet to
M.H. See Dwg. SXX

18-0"

Roof vent. See Dwg.
SXX. Greenheck
GRS—30 (or equal)

180"

2'-0" dia. column,
Lp. See Dwg. SXX

6'-6" square drop panéel,
tp. See Dwg. SXX

Aluminum floor door in
roof. See Dwg. SxX. 3’
x 3’ Bitco J-4AL (or
equal). No ladder or
grating required.

\El. 432.78 Y
o [y |
- LA %
X

\ A 7.0. slab /.S.

> face of curb

R £. 431.89, bp.

S Provide guardrail.
e

15'-0" each side
of the hatch. See
Owg. SXX

19-3"18"-0"18"-0"|18’-0"|19’-3"

Roof slab diameter = 92°-6"

ROOF PLAN
Scale: 1"=40'
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e Concrete roof configurations

Columns and drop panels
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(O~ F> Concrete roof inspections

Looking for cracked, spalled, or crushed concrete




Spalling
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(> Beam and slab cracking

VR L -
b %v“'\
R Y Ve -
bV ARARR T

ends fr’ m shear v_," y

____,._.__—.—--.(

White stuff is called
efflorescence
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Beam failure

When crack hit longitudinal bars,
they peeled free




Tualatin Valley Water District

(&3>

| JC20 01 Res2RRR 21




Tualatin Valley Water District

Developing beam failures
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(> Marking cracks in beams
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(=3 Roof to wall connection
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Rock pockets in columns
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(== Deteriorating concrete wall coating
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Hatches
‘Hinges

L atches
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Ladders

Corrosion
Attachment
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Piping
«Corrosion
Attachment
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(= Exterior inspections
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(T Deteriorating paint
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(= > Starting a reservoir inspection program

. Safety planning
. Gather information

- As-builts

- Previous inspections
. Documentation

- Photos

- Inspection reports
. Evaluation and analysis by structural engineers
. Plan for repairs
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Structural Analysis and Retrofits
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Appropriate Inspection Program

In addition to those applicable and mentioned
previously by TVWD (Pete Boone)

- Nondestructive testing (NDT)
Inspect the Roof

Inspect the Wall

Observation Below Grade
Sample and test Shotcrete
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Appropriate Structural Analysis
and Retrofit Strategies

Analysis

- Analysis of the existing structure

- Review available documents

- Determine the era of tank construction
- Determination of load rating capacity




0BEC
- -

Appropriate Structural Analysis
and Retrofit Strategies

Evaluation

- |[dentification and prioritization of deficiencies and
repairs

- “Short-term” versus “long-term” repairs and risks

- Alternatives for "short-term" repairs

- Preliminary cost estimates

- Previous loadings
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Appropriate Structural Analysis
and Retrofit Strategies (cont'd)

- Seismic structural analysis is based on:
- Field inspections

- Available design, construction, and past inspection report
documentation.

- Knowledge of construction techniques at the time of construction

- Current code

- All fallure mechanisms
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Understand the Causes

- Deterioration
- (don'’t just cover it up!)
- Spalled shotcrete cover

- Rusty, deteriorated & broken
wrap wire

- Concrete carbonation

- Leakage & freeze/thaw damage
at wall top




0BEC
- <

What a Water District needs to know about
Seismic Loads on your Reservoir

- Tank, anchorage and foundation under distress.

- Possible failures: anchorage breakage, buckling, pipe connections
and soll liquidfaction.

- Older reservoirs are undercapacity for the current Code levels.

- Taller, narrower tanks have more issues.

- All nonstructural features need bracing.

- Install shut-off valves.

- Locate all ponds and basins down slope from tank.

- Earthquake levels: 2% probability of being exceeded in 50 years.
- Seismic Slosh and Required Freeboard.




Also Consider...

- Decisions must include non-
seismic considerations and
life-cycle costs

- Piping connections, soll
capacity, anchorages,
design codes, size .

- Economical ways to reduce
load and deterioration




Site specific information is
necessary to accurately
identify the true vulnerability
Including

landslide potential,
liguefaction of the soils

ground rupture (based on
proximity of the closest
mapped fault)

stability of the site.
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Repair Examples

} Sika® Armatec 110
$C-200 Bonding Bridge

1. Pre-wet surface to
saturated surface dry (85D).

2. Apply by stiff bristle brush
or spray apply with *Goldblatt
pattern pistol" or equal
aquipment,

3. Place repair material while
Sika Armatec 110 is still
wet cr dry up to 24 hours.
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Corrective Measures
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Corrective Measures




Corrective Measures

External Stirrups




Corrective Measures

Sc‘affol.ding Support




Questions?
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i 3 Contact Information
Pete Boone, PE, PLS
Engineer

Tualatin Valley Water District
503-848-3054
peteb@tvwd.org

Pete Slocum, PE

Project Manager/Sr. Project Engineer
OBEC Consulting Engineers
541-683-6090

PSlocum@obec.com



