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PT Bridges: Can We Use Statistics
For This Problem?



PT Bridges

= Favorable approach for long-span bridges
= Aesthetically pleasing

» Economical (reduced cost of substructure)

= Construction typically includes grouted
internal/external tendons

= Precompression assists in crack control

= Are the tendons grouted? Quality of grout?

S L \ \4

\
""""

Photo by cmh2315fl/ CC BY

° @ o .
Wiss, Janney, Elstner Associates qacl?® Ametisan Coneretelinstivte


https://www.flickr.com/photos/cmhpictures/9986655623
https://www.flickr.com/photos/cmhpictures/
https://creativecommons.org/licenses/by-nc/2.0/

Issues with PT Grouting

Grout Properties/Issues Factors Influencing Corrosion
= Fluidity
Bleed
Segregation Pa o o .
Set time Ungrouted ducts Bleed water voids Large access points
Strength
Permeability
Volume Change
Corrosion Protection

Broken ducts Moisture in ducts

» Corrosion leads to reduced service life and
higher risk of tendon failure
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PT Bridge Components

= Internal tendons
= Diaphragms
= Webs and web blisters

= Flanges and flange blisters

Top Longitudinal
| Internal Tendon

| BLgCH

Draped Longitudinal .
Botton Soan Internal Tendon Blister (typ.)
’ (typ.)

Internal Tendon

FHWA-HRT-13-028
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Framework for Sampling

(Statistics + Engineering Judgement)

To understand something
about the population (often
Impractical to collect all data)




Sampling Framework
Ping Could have error in

measurement technique

Define purpose

Identify critical parameters

Define population & number of samples

Establish evaluation criteria
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ing Approach*

*Technically there are others

Sampl

Random approach

Targeted approach
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Assessment Approach

= Federal Highway Administration (FHWA) = Make a hypothesis (“condition of internal PT

R _ , , ducts is fully grouted”)
= "Guidelines for Sampling, Assessing, and Restoring

Defective Grout in Prestressed Concrete Bridge Post-
Tensioning Ducts” (FHWA-HRT-13-028)

» Frame as a pass/fail scenario
» Requires all tests or observations to pass
= Calculates minimum number of (random)

= A single tendon could be a sample samples needed
= Risk-based approach provides logical basis for = Assumed allowable % of defects
assessment planning (and interpretation of results) = Select confidence intervals (75% to 95%)

= Uses hypergeometric distribution

= Utilize engineering judgment

= FHWA guidelines as a precursor to assessment

= Visual inspection
= Random sampling guided by NDE —

= Laboratory testing

= [E, UE, GPR for internal PT
= Sounding, MFL for external PT
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Limitations of NDT

Uses physical principles to interrogate a structure

* Electromagnetic waves Steel elements can act as a shield

»EM waves reflect from materials with dielectric contrast

= Can identify steel elements (rebar, metal ducts, strands within plastic ducts)
= Can identify voids in concrete

»Mechanical waves reflect from materials with elastic property contrast

= Can identify air interfaces (cracks, voids, honeycombing, or member boundaries)
= Can identify steel and other embedded features
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Samples Versus Allowed Defects

= Total Population: 500

Defect @ 75% CI @ 95% CI
30%
20%
10%
5%
1%

4 38

6 13
13 27
26 55
120 225

—

What is an acceptable % of
defects for PT inspections?
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FHWA Approach

5" Condition/service performance
= Construction records
= Visual condition evaluation

= Qualitative evaluate background da « Tendon geometry and length

| e’ |
= Cost of repair

= Probability of defect indicator

= Consequence of failure indicator

|

» Element/tendon redundancy

N

» Bridge importance
rlwf
3 4 5

Consequence of Failure Indicator

m Impact Caused by Sampling

= Characterize the risk (high, medium,
low) of each population using a
decision matrix

Probability of Defect Indicator
w

[

= Calculate the minimum number of
samples using a hypergeometric
distribution and given confidence

__High | Medium | _Low _

ovel High 20% 10% 10%
Medium 30% 20% 10%
Low 30% 30% 20%
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PT Bridge Case Study



Background

= Constructed in the late 1980s
= Fourteen spans with a total length of ~3,000 ft

= Cast-in-place PT box girders (constructed on falsework using form travelers)
= Spans range from approx. 120 to 260 ft

= Main longitudinal PT is draped web tendons, 7 to 28 0.6-inch strands

= Both plastic and sheet metal ducts, 4-inch diameter
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Assessment Approach: Assess Risk

Ul

NS

N

Probability of Defect Indicator
w

=

1 2 3 4 5

Consequence of Failure Indicator

Wiss, Janney, Elstner Associates

* First perform detailed document
review to quantify the population of
various types of tendons

» Review construction records to
understand potential issues
encountered during grouting

= Review repair and inspection
history to better understand
pertinent issues
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Assessment Approach: Quantify the Probability of Defects

Condition/Service Bridge is in overall “Good" condition 1 3 0.15 | 045
History
Construction Records | Limited construction and inspection records are available 2 4 0.15 | 0.60
Visual Condition: Grout leakage - none reported 3 1 030 | 0.30
from DOT inspection | Workmanship - no defects reported 3 1 030 | 030
reports Cracked concrete - small defects reported 3 2 0.30 | 0.60
Water leakage - minor leakage reported 3 2 030 | 0.60
Corrosion protection - no defects reported 3 1 030 | 0.30
Tendon Long tendons without distinct high and low points and 4 3 040 | 1.20
Geometry/Length very gradual profiles
Total 4.35
P = Probability of defect indicator
P; = Partial probability indicator Pt

W; = Category weight factor
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Assessment Approach: Quantify Consequence of Failure

Cost of Repair or Moderate costs assumed - design provided for 6 3 0.4 1.2
Replacement additional tendons
Tendon Redundancy | Assume that loss of some tendons (4 per web) will 7 3 04 1.2

decrease capacity and may require load restrictions - no
structural distress

Bridge Importance Assumed Critical Bridge - only route over Bay 8 5 0.2 1.0
Total 3.4

C = Consequence of failure indicator
C = z CiWi

C; = Partial consequence of failure indicator

W; = Category weight factor
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Assessment Approach: Assess Risk

o 5 Table 10. Acceptable fractions of undetected tendons with deficient grout
© Element Structural Impact Caused by Sampling
2 L Risk High Medium Low
-8 4 High 20 percent deficient | 10 percent deficient | 10 percent deficient
: Medium 30 percent deficient 20 percent deficient | 10 percent deficient
o Low 30 percent deficient | 30 percent deficient | 20 percent deficient
gy—
5]
o 3
L
o
z | < : .
= 2 OQ, ! J:f Minimum Number of Tendons to Inspect
E 7 i
o) . ! Bottom
= Web
a1 L4 I Slab
Tendons
I Tendons
1 2 3 4 5 Total Number in Bridge 40 14
. . 1 O,
Consequence of Failure Indicator Required  for  75% 10 10
Confidence
Required for 95% 18 13
Confidence
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Assessment Approach: Practical Considerations

* Hidden/masked conditions Center lane
may be
. inaccessible
[ |
Impractical to access truly random due 1o closure
tendons within timeframe and/or budget... limitations
. ~
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Assessment Approach: Practical Considerations

= May need to bias selection to

“easily accessible” tendons A ‘
= Near-face tendons W
-— — A -

= Above floor slab and below deck v
A _
= Use NDE to improve likelihood W
of finding grout related issues ) - Pl . -
= |E/UE/GPR N Yo 1 |
= May be helpful to focus on tendon \6/\_/
high points and anchorages - A — A -

Wiss, Janney, Elstner Associates
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NDT and Inspection Openings

Wiss, Janney, Elstner Associates
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NDT and Inspection Openings

Wiss, Janney, Elstner Associates
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NDT and Inspection Openings
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Assessment Findings

= Five tendons with grout voids discovered
= Primarily small lens voids that did not expose strands
= Some circumferential rind voids likely due to shrinkage

= Laboratory testing of grout samples indicated high quality material,
voids determined to have no effect on the performance of the PT system

= One tendon had two locations of minor voiding (~1/4" to 1.5")
with exposed wires of a strand and minor surface corrosion

= Given the quality of the grout samples, this surface corrosion was judged
to have no effect on the performance of the PT system
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Closing Thoughts



What if there are one or more defects?

= Collect additional samples (i.e., perform additional tests or observations) to
determine whether non-pass (defect) rate meets the acceptable limit

= Can use cumulative hypergeometric distribution with x = no. of defects in
sample (x > 0)

= Confidence level, CL = 90%
= Population, N = 200 (used with hypergeometric distribution)

Total No. Samples Required

No. Failures in Sample = _

Or understand/investigate why |

non-pass happened
Acceptable Defect Rate (20%) 11 18 24 31 37

Acceptable Defect Rate 71
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Sampling is a Powerful Tool

= Helps us understand parameters about the population

= Powerful tools with statistical basis

= Continuous and proportion (random sampling)

= Exercise judgment/be practical (targeted sampling)

= NDT can be a complimentary tool in an investigative approach

= NDT has a language, and interpretation is essential

= Verification is important

= Define the hypothesis and interpret the results responsibly

= Population definition
= Confidence intervals

= Measurement error

FHWA Approach could be modified
for your unique project (different
qualitative parameters)
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Define the Population

= |s a single tendon a sample? Or are portions of tendons (each high point) a

sample?

= What if the tendons are of different lengths (10s vs. 100s of feet long)?

= Does the type matter?

= Are there different environmental exposure conditions?

Top Longitudinal
Internal Tendon

Bottom Span
Internal Tendon

Can be very difficult to do,
but interpretations will be
based on this definition

lister (typ.)
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Internal conditions for a PT duct
Fully grouted | LFully voided | LLens voids |

o

} Comiromised Isoft| } Partialli voided with

Partialli voidedino ‘
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