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Client: CH2M Hill CTLGroup Project No.: 150721
CT GROUP Project: Latah Bridge Rehabilitation Study CTLGroup Project Mgr.: Q. Li
Technician: P. Brindise

Report Date: November 8, 2011 Approved By: J. L. Jones

ASTM C 42/ C 42M - 04
Standard Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete
Section 7: Cores for Compressive Strength

Specimen Identification

Client Identification Al A5
CTLGroup Identification 2970403 2970404
Date Core Obtained from the Field 10/4/2011 10/4/2011
Date Core Placed in Sealed Bag after Saw Cutting 10/24/2011 10/24/2011
Date Core was Tested 10/31/2011 10/31/2011
Concrete Description

Nominal Maximum Aggregate Size, in. 11/2 11/2
Concrete Age at Test ~ 100 yrs ~ 100 yrs
Moisture Condition at Test Note 1 Note 1
Orientation of Core Axis in Structure Note 3 Note 3

Concrete Dimensions

Length of Core as Drilled, in. 9 8 3/4
Diameter 1, in. 3.78 3.78
Diameter 2, in. 3.78 3.78
Average Diameter, in. 3.78 3.78
Cross-Sectional Area, in? 11.22 11.22
Length Trimmed, in. 5.9 7.1
Length Capped, in. 5.9 7.3
Density, Ib/ft® 154 154
Compressive Strength and Fracture Pattern

Maximum Load, Ib 102,400 121,500
Uncorrected Compressive Strength, psi 9,130 10,830
Ratio of Capped Length to Diameter 1.57 1.93
Correction Factor 0.97 1.00
Corrected Compressive Strength, psi 8,860 10,830
Fracture Pattern Type 1 Type 1

Schematic of Typical Fracture Patterns

—| = <tinr25mm
Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Reasonable well-formed Well-formed cone on one end, Columnar vertical cracking Diagonal fracture with no Side fractures at top or Similar to Type 5 but end of
cones on both ends, less vertical cracks running through through both ends, no well- cracking through ends; tap bottom (occur commonly cylinder is pointed
than 1 in. [25 mm] of caps, no well-defined cone on formed cones with hammer to distinguish with unbonded caps)
cracking through caps other end from Type |

Notes:

1. Per ASTM C42, test samples were wet saw-cut and then sealed in bag for at least 5 days prior to testing.

2. Per Section 7.1, the preferred minimum core diameter is three times the nominal maximum size of the coarse aggregate,
but it should be at least two times the nominal maximum size of the coarse aggregate.

3. Cores were taken from the top surface of arch ribs at approximately the 1/4 points of the arches. The core axes are
transverse to the axis of the arches.

4. This report represents specifically the samples submitted.

5. This report may not be reproduced except in its entirety.

QOF 39-001-Aw
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Client: CH2M Hill CTLGroup Project No.: 150721
CT GROUP Project: Latah Bridge Rehabilitation Study CTLGroup Project Mgr.: Q. Li

Technician: P. Brindise

Report Date: November 8, 2011 Approved By: J. L. Jones

ASTM C 42/ C 42M - 04

Standard Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete

Section 7: Cores for Compressive Strength

Specimen Identification

Client Identification B2 Cc7
CTLGroup Identification 2970405 2970406
Date Core Obtained from the Field 10/4/2011 10/4/2011
Date Core Placed in Sealed Bag after Saw Cutting 10/24/2011 10/24/2011
Date Core was Tested 10/31/2011 10/31/2011
Concrete Description

Nominal Maximum Aggregate Size, in. 2 11/2
Concrete Age at Test ~ 100 yrs ~ 100 yrs
Moisture Condition at Test Note 1 Note 1
Orientation of Core Axis in Structure Note 3 Note 3

Concrete Dimensions

Length of Core as Drilled, in. 9 8
Diameter 1, in. 3.77 3.78
Diameter 2, in. 3.78 3.79
Average Diameter, in. 3.78 3.79
Cross-Sectional Area, in? 11.22 11.28
Length Trimmed, in. 6.3 6.6
Length Capped, in. 6.4 6.8
Density, Ib/ft® 152 151
Compressive Strength and Fracture Pattern

Maximum Load, Ib 82,800 105,000
Uncorrected Compressive Strength, psi 7,380 9,310
Ratio of Capped Length to Diameter 1.70 1.79
Correction Factor 0.98 1.00
Corrected Compressive Strength, psi 7,230 9,310
Fracture Pattern Type 2 Type 1

Schematic of Typical Fracture Patterns

—| = <tinr25mm
Type 1 Type 2 Type 3 Type 4 Type 5
Reasonable well-formed Well-formed cone on one end, Columnar vertical cracking Diagonal fracture with no Side fractures at top or
cones on both ends, less vertical cracks running through through both ends, no well- cracking through ends; tap bottom (occur commonly
than 1 in. [25 mm] of caps, no well-defined cone on formed cones with hammer to distinguish with unbonded caps)
cracking through caps other end from Type |

Notes:

1. Per ASTM C42, test samples were wet saw-cut and then sealed in bag for at least 5 days prior to testing.

Type 6
Similar to Type 5 but end of
cylinder is pointed

2. Per Section 7.1, the preferred minimum core diameter is three times the nominal maximum size of the coarse aggregate,

but it should be at least two times the nominal maximum size of the coarse aggregate.

3. Cores were taken from the top surface of arch ribs at approximately the 1/4 points of the arches. The core axes are

transverse to the axis of the arches.
4. This report represents specifically the samples submitted.
5. This report may not be reproduced except in its entirety.
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Client: CH2M Hill CTLGroup Project No.: 150721
CT GROUP Project: Latah Bridge Rehabilitation Study CTLGroup Project Mgr.: Q. Li
Technician: P. Brindise

Report Date: November 8, 2011 Approved By: J. L. Jones

ASTM C 42/ C 42M - 04
Standard Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete
Section 7: Cores for Compressive Strength

Specimen Identification

Client Identification D D4 D8
CTLGroup Identification 2970402 2970407 2970408
Date Core Obtained from the Field 10/4/2011 10/4/2011 10/4/2011
Date Core Placed in Sealed Bag after Saw Cutting 10/24/2011 10/24/2011 10/24/2011
Date Core was Tested 10/31/2011 10/31/2011 10/31/2011
Concrete Description

Nominal Maximum Aggregate Size, in. 11/2 11/2 11/2
Concrete Age at Test ~ 100 yrs ~ 100 yrs ~ 100 yrs
Moisture Condition at Test Note 1 Note 1 Note 1
Orientation of Core Axis in Structure Vertical Vertical Vertical

Concrete Dimensions

Length of Core as Drilled, in. 91/2 8 1/4 71/4
Diameter 1, in. 3.77 3.78 3.78
Diameter 2, in. 3.78 3.78 3.77
Average Diameter, in. 3.78 3.78 3.78
Cross-Sectional Area, in? 11.22 11.22 11.22
Length Trimmed, in. 6.2 4.4 5.7
Length Capped, in. 6.4 4.6 5.9
Density, Ib/ft® 151 149 153
Compressive Strength and Fracture Pattern

Maximum Load, Ib 96,400 115,400 113,400
Uncorrected Compressive Strength, psi 8,590 10,290 10,110
Ratio of Capped Length to Diameter 1.69 1.22 1.57
Correction Factor 0.98 0.92 0.97
Corrected Compressive Strength, psi 8,420 9,470 9,810
Fracture Pattern Type 2 Type 1 Type 2

Schematic of Typical Fracture Patterns

—| = <tini2smm

X

Type 1 Type 2 Type 3 Type 4 Type 5 Type 6

Reasonable well-formed Well-formed cone on one end, Columnar vertical cracking Diagonal fracture with no Side fractures at top or Similar to Type 5 but end of
cones on both ends, less vertical cracks running through 'thQ? bothdends, no well- cracking through ends; tap bottom (occur commonly cylinder is pointed
than 1 in. [25 mm] of caps, no well-defined cone on ormed cones with hammer to distinguish with unbonded caps)
cracking through caps other end from Type |
Notes:

1. Per ASTM C42, test samples were wet saw-cut and then sealed in bag for at least 5 days prior to testing.

2. Per Section 7.1, the preferred minimum core diameter is three times the nominal maximum size of the coarse aggregate,
but it should be at least two times the nominal maximum size of the coarse aggregate.

3. This report represents specifically the samples submitted.

4. This report may not be reproduced except in its entirety.

QOF 39-001-Aw
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Client: CH2M HILL CTL Project No: 150721
Project: Chemical Analysis CTL Project Mgr.: Qiang Li

Analyst: C. Wedzicha
Contact: John Hinman Approved: R W Stevesndon
Submitter: John Hinman Date Analyzed: November 2, 2011
Date Received: October 24, 2011 Date Reported: November 2, 2011

REPORT of ACID-SOLUBLE CHLORIDE

Determined
Sample Identification Chloride
CTLID Client ID Description (wt% sample) (opm Ch
2970409 Core A, 0.5"depth Concrete 0.034 340
2970410 Core A, 1.5"depth Concrete 0.036 360
2970411 Core A, 3.0"depth Concrete 0.004 40
2970412 Core B, 0.5"depth Concrete 0.004 40
2970413 Core B, 1.5"depth Concrete 0.003 30
2970414 Core B, 3.0"depth Concrete 0.002 20
2970415 Core C, 0.5"depth Concrete 0.020 200
2970416 Core C, 1.5"depth Concrete 0.011 110
2970417 Core C, 3.0"depth Concrete 0.001 10
Notes:
1. This analysis represents specifically the samples submitted on a dry (45°C) basis.
2. Analysis by potentiometric titration with silver nitrate. (ASTM C 1152-04¢1)
3. This report may not be reproduced except in its entirety.
QLT 40-027 Corporate Office and Laboratory: 5400 Old Orchard Road Skokie, Hiinois 60077-1030 Page 10f 1
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Client: CH2M HILL CTL Project No: 150721
Project: Chemical Analysis CTL Project Mgr.: Qiang Li

Analyst: C.Wedzicha
Contact: John Hinman Approved: R W Stevendorn
Submitter: John Hinman Date Analyzed: October 31, 2011
Date Received: October 24, 2011 Date Reported: November 1, 2011

REPORT of ACID-SOLUBLE CHL.ORIDE

Determined
Sample Identification Chloride
CTLID Client ID Description (wt% sample) {ppm Cl}
2970418 Powder 1A Concrete Powder 0.280 2800
2970419 Powder 1B Concrete Powder 0.091 910
2970420 Powder 1C Concrete Powder 0.011 110
2970421 Powder 2A Concrete Powder 0.010 100
2970422 Powder 2B Concrete Powder 0.001 10
2970423 Powder 2C Concrete Powder <0.001 <10
2970424 Powder 3A Concrete Powder <0.001 <10
2970425 Powder 3B Concrete Powder 0.001 10
2970426 Powder 3C Concrete Powder 0.001 10
2970427 Powder 4A Concrete Powder 0.175 1750
2970428 Powder 4B Concrete Powder 0.135 1350
2970429 Powder 4C Concrete Powder 0.010 100
2970430 Powder 5A Concrete Powder 0.001 10
2970431 Powder 5B Concrete Powder <0.001 <10
2970432 Powder 5C Concrete Powder <0.001 <10
2970433 Powder 6A Concrete Powder <0.001 <10
2970434 Powder 6B Concrete Powder <0.001 <10
2970435 Powder 6C Concrete Powder 0.001 10
2970436 Powder 7A Concrete Powder 0.221 2210
2970437 Powder 7B Concrete Powder 0.028 280
2970438 Powder 7C Concrete Powder 0.006 60
2970439 Powder 8A Concrete Powder 0.037 370
2970440 Powder 8B Concrete Powder 0.005 50
2070441 Powder 8C Concrete Powder <0.001 <10
Notes:
1. This analysis represents specifically the samples submitted as received.
2. Analysis by potentiometric titration with silver nitrate. (ASTM C 1152-04¢1)
3. This report may not be reproduced except in its entirety.
QLT 40-027 Corporate Office and Laboratory: 5400 Old Orchard Road Skokie, lllinois 60077-1030 Page 1of 1
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Client: CH2M HILL CTL Project No: 150721
Project: Chemical Analysis CTL Project Mgr.: Qiang Li

Analyst: C.Wedzicha
Contact: John Hinman Approved: R W Stervesrdon
Submitter: John Hinman Date Analyzed: October 31, 2011
Date Received: October 24, 2011 Date Reported: November 1, 2011

REPORT of ACID-SOLUBLE CHLORIDE

Determined
Sample Identification Chloride
CTLID Client ID Description (wt% sample) (ppm Cl}
2970442 Powder 9A Concrete Powder 0.022 220
2970443 Powder 9B Concrete Powder 0.018 180
2970444 Powder 9C Concrete Powder 0.010 100
2970445 Powder 10A Concrete Powder 0.002 20
2970446 Powder 10B Concrete Powder <0.001 <10
2970447 Powder 10C Concrete Powder <0.001 <10
2970448 Powder 11A Concrete Powder 0.001 10
2970449 Powder 11B Concrete Powder 0.002 20
2970450 Powder 11C Concrete Powder <0.001 <10
2970451 Powder 12A Concrete Powder 0.101 1010
2970452 Powder 12B Concrete Powder 0.057 570
2970453 Powder 12C Concrete Powder 0.001 10
Notes:
1. This analysis represents specifically the samples submitted as received.
2. Analysis by potentiometric titration with silver nitrate. (ASTM C 1152-04¢1)
3. This report may not be reproduced except in its entirety.
QLT 40-027 Corporate Office and Laboratory: 5400 Old Orchard Road Skokie, lifinois 60077-1030 Page 10of 1
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Report for
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CTLGroup Project No. 150721

Petrographic Examination of a Concrete
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Washington
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REPORT OF PETROGRAPHIC EXAMINATION

Date: November 16, 2011
CTLGroup Project No.: 150721
Petrographic Examination of a Concrete Core Sample from Latah Bridge, Spokane,

Washington

Eleven concrete cores and thirty-six powder samples, listed in Table 1, were received on
October 19, 2011, from Mr. John Hinman of CH2M HILL, Boise, Idaho. The concrete samples
were reportedly taken from a concrete arch bridge, Latah Bridge in Spokane, Washington.
Various testing was requested (see Table 1) to evaluate the condition of the 98-year old bridge.
Mr. Hinman indicated that nearly all cores were taken from the top surface of arch ribs at
approximately the ¥4 points of the arch (the core axes are transverse to the axis of the arch).
Core D was taken from the concrete deck; the axis of the core is vertical to the deck surface
(through the thickness of the deck).

Petrographic examination (ASTM C856) was requested on Core B6 (Figs. 1 and 2) to evaluate
the quality and condition of the concrete and determine the following concrete characteristics:

+ color of the mortar just inside of the original exterior surface, and within the body of the
core, using the Munsell color system,

e depth of paste carbonation,

s aggregate composition and approximate grading,
e occurrence of alkali-silica reaction,

e air content,

¢ cement properties, and

o water-cement ratio.

Austin, TX » Chicago, IL. + Washington, DC
Corporate Office: 5400 Old Orchard Road, Skokie, iL 60077-1030 P: 847-965-7500 F: 847-965-6541 www.CTLGroup.com
CTLGroup is a registered d/b/a of Construction Technology Laboratories, Inc.



CH2M HILL Page 2 of 11
Latah Bridge Rehabilitation Study November 16, 2011
CTLGroup Project No. 150721

Table 1 Requested Testing for Submitted Concrete Cores and Powder

Samples

Sample ID ASTM C856 ASTM C42 ASTM C1152

Core B6 X - -

Core A - - X (0.5",1.5” and 3" depths)

CoreB - - X (0.5", 1.5” and 3 depths)

CoreC - - X (0.5", 1.5" and 3" depths)

Core D - X -

Core A1 - X -

Core A5 - X -

Core B2 - X -

Core C7 - X -

Core D4 - X -

Core D8 - X -
Powder 1 - - X (1A, 1B, and 1C)
Powder 2 - - X (2A, 2B, and 2C)
Powder 3 - - X (3A, 3B, and 3C)
Powder 4 - - X (4A, 4B, and 4C)
Powder § - - X (5A, 5B, and 5C)
Powder 6 - - X (6A, 6B, and 6C)
Powder 7 - - X (7A, 7B, and 7C)
Powder 8 - - X (8A, 8B, and 8C)
Powder 9 - - X (9A, 9B, and 9C)
Powder 10 - - X (10A, 10B, and 10C)
Powder 11 - - X (11A, 11B, and 11C)
Powder 12 - - X (12A, 12B, and 12C)

Reports of compressive strength testing (ASTM C42) and acid-soluble chloride content (ASTM
C1152) were submitted to Mr. Hinman on November 9, 2011, under separate covers.

FINDINGS AND CONCLUSIONS

Based on petrographic examination, the concrete represented by Core B6 is judged to be of
fairly good quality and is in good condition. No evidence of deleterious reactions was observed.

CTLGrOUP

www.CTLGroup.com



CH2M HILL Page 3 of 11
Latah Bridge Rehabilitation Study November 16, 2011
CTLGroup Project No. 150721

The concrete is well consolidated and exhibits no aggregate segregation (Fig. 3). Additional
findings and descriptions of the core are provided in the attached petrographic examination data

sheets.

The determined Munsell color of the mortar within the core sample and depth of carbonation are
presented in Table 2.

Table 2 Mortar Color and Depth of Paste Carbonation in Core B6

Core B6
Location Within Core Munsell Notation Descriptive Name
Subsurface 2.5Y 71 Light gray
Near-surface 2.5Y 8/2 Pale yeliow
5Y 8/1 overall; Yellowish gray overall;
Body locally 5Y 7/1 or locally light gray or
N9 around some agg. particles | white around some agg. particles

Approximately 1 mm (0.04 in.) along much of the exterior surface,
Depth of carbonation | locally as deep as 13 mm (0.5 in.) near sub-surface voids and
microcracks (Fig. 4)

The aggregate in the core is comprised of siliceous gravel coarse aggregate and natural sand
fine aggregate. The coarse aggregates are hard and dense, comprised of sandstone, quartzite,
basalt, and other igneous and sedimentary rocks. The fine aggregates are also hard and dense,
comprised of similar rock types as the coarse aggregate. The coarse aggregate in the core
appears somewhat unevenly graded to an observed top size of 30 mm (1.2 in.); the volume of

intermediate-sized aggregate appears relatively low.

No evidence of alkali-silica reaction (ASR), such as reaction rims, ASR gel, or internal
aggregate microcracking, is observed in the core. Although some quartzite particles (which are
potentially ASR reactive) are observed in the concrete, there is no evidence indicating the rock

is experiencing deleterious reactions.

The concrete is not air-entrained, based on the scarcity of small, spherical voids in the hardened
cement paste. Air content is estimated at 1 to 2% (Fig. 5).

aﬁnoup
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CH2M HILL Page 4 of 11
Latah Bridge Rehabilitation Study November 16, 2011
CTLGroup Project No. 150721

A small amount of unhydrated and partially hydrated portland cement clinker particles,
estimated 2 to 4% by volume, is observed in the cement paste. The particles are very coarse,
measured up to 0.2 mm (0.008 in.) across (Fig. 6). Belite nests (clusters of rounded belite
crystals in an aluminoferrite matrix) are also observed in the paste. Relics of in-situ hydrated
cement clinker particles are common. The coarse-ground nature of the cement and presence of
belite nests are consistent with portland cement commonly used prior to the 1940s. The
observed scarcity of medium-sized unhydrated clinker particles, frequency of relic cement
grains, and paste properties that are better than thin-section observations would suggest,
indicate that the cement likely continued to hydrate with exposure to moisture through life the of
the concrete structure. Estimated water-cement ratio (w/c) is moderate to moderately high (0.50
to 0.60), based on the microscopical and physical paste properties of the hardened cement
paste. However, the estimation is speculative due to the advanced hydration of cement in the
concrete. Paste in the core is hard overall, and locally soft around some aggregate particles,
with subvitreous luster and moderately low to low water absorbency overall. Paste-aggregate
bond is moderately tight.

METHODS OF TEST
Petrographic Examination

Petrographic examination of the provided sample was performed in accordance with ASTM

C 856, "Standard Practice for Petrographic Examination of Hardened Concrete." The core was
visually inspected and photographed as received. A slice was cut longitudinally from the core
and one of the resulting sides of the slice was ground (lapped) to produce a smooth, flat,
semi-polished surface. Lapped and freshly broken surfaces of the concrete were examined

using a stereomicroscope at magnifications up to 90X.

For thin-section study, a small rectangular block was cut from the middle portion of the core,
and one side of the block was lapped to produce a smooth, flat surface. The block was cleaned
and dried, and the prepared surface was mounted on a ground glass microscope slide with
epoxy resin. After the epoxy hardened, the thickness of the mounted block was reduced to
approximately 20 um (0.0008 in.). The resulting thin section was examined using a polarized-

light (petrographic) microscope at magnifications up to 400X to study aggregate and paste

aﬁnoup

www.CTLGroup.com

mineralogy and microstructure.



CH2M HILL Page 5 of 11
Latah Bridge Rehabilitation Study November 16, 2011
CTLGroup Project No. 150721

Estimated water-cement ratio (w/c), when reported, is based on observed concrete and paste
properties including, but not limited to: 1) relative amounts of residual (unhydrated and partially
hydrated) portland cement clinker particles, 2) amount and size of calcium hydroxide crystals,
3) paste hardness, color, and luster, 4) paste-aggregate bond, and 5) relative absorbency of
paste as indicated by the readiness of a freshly fractured surface to absorb applied water

droplets. These techniques have been widely used by industry professionals to estimate wic.

Depth and pattern of paste carbonation was determined by application of a pH indicator solution
(phenolphthalein) to freshly cut concrete surfaces. The solution imparts a deep magenta stain to
high pH, non-carbonated paste. Carbonated paste does not change color.

Mortar color determination

Mortar color was evaluated by comparison to Munsell color charts; the Munsell numerical
notation was determined by matching the mortar to the closest colored paint chip on the Munsell
chart. Descriptive color names were assigned to the Munsell numerical designations in

accordance with the Geological Society of America Rock-Color Chart.

Vgtania A. M

Qiang Li Victoria A. Jennings
Petrography Group Petrography Group
QL/VAJ/hma

Notes: 1. Results refer specifically to the sample submitted.
2. This report may not be reproduced except in its entirety.
3. The sample will be retained for 30 days, after which it will be discarded unless we hear
otherwise from you.

E:rbGROUP

www.CTLGroup.com



CH2M HILL Page 6 of 11
Latah Bridge Rehabilitation Study November 16, 2011
CTLGroup Project No. 150721
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1a. Exterior surface.
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1b. Interior surface.

Fig.1 End surfaces of Core B6, as received.
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Latah Bridge Rehabilitation Study November 16, 2011
CTLGroup Project No. 150721
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Fig. 2 Side view of Core B6 as received. Exterior surface at left.
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Fig. 3 Cut and lapped section of Core B6. Exterior surface at left.
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Fig.4 Saw-cut cross-section of Core B6, exterior surface at left, stained
with pH indicator (phenolphthalein) solution. The solution imparts a
deep magenta stain to high pH, non-carbonated paste. Carbonated
paste does not change color.

Fig. 5 Close-up view of lapped section of Core B6, showing non-air
entrained concrete.
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CH2M HILL
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CTLGroup Project No. 150721

Page 9 of 11
November 16, 2011

Fig. 6 Transmitted light photomicrograph of Core B6, showing paste
microstructure. Red arrows indicate coarse unhydrated and
partially hydrated portland cement clinker particles. Field of view is
approximately 0.7 mm (0.03 in.). Plane-polarized light.

/'IB ROUP
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CH2M HILL Page 10 of 11
Latah Bridge Rehabilitation Study November 16, 2011
CTLGroup Project No. 1560721

PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C 856

STRUCTURE: Concrete Arch Bridge DATE RECEIVED: October 19, 2011
LOCATION: Spokane, Washington EXAMINED BY: Q. Li
SAMPLE

Client Identification: B6.
CTLGroup Ildentification: 2970401.

Dimensions: Core diameter = 96 mm (3.8 in.). Core length = 155 to 183 mm (6.1 to 7.2 in.);
partial rib thickness.

Exterior End: Relatively flat and siightly rough surface, covered with white paint.
Interior End: Rough and uneven, fractured surface. Paste is light to medium beige and hard.

Cracks, Joints, Large Voids: Several irregularly-shaped voids are noted, measuring up to
17 mm (0.7 in.) long and 4 mm (0.2 in.) wide. No major cracks or joints are observed.

Reinforcement: None observed.

AGGREGATES

Coarse: Partially crushed natural gravel composed mainly of sandstone, quartzite, basalt, and
other igneous and sedimentary rocks.

Fine: Natural sand composed mainly of sandstone, quartzite, quartz, basalt, and other
minerals and rocks.

Gradation & Top Size: Visually appears to be unevenly graded to an observed top size of
30 mm (1.2 in.). The volume of intermediate-sized aggregate appears relatively low.

Shape, Texture, Distribution: Coarse- sub-angular to rounded, and equant to slightly
elongated, with smooth surfaces; distribution is uniform. Fine- sub-angular to rounded, and
mostly equant, with smooth to slightly rough surfaces; distribution is uniform.

PASTE
Color: In the outer 1 to 2 mm (0.04 to 0.08 in.) region, Munsell color designation is 2.5Y 7/1
(light gray). In the region between 2 to 10 mm (0.08 to 0.4 in.), color is locally Munsell 2.5Y 8/2
(pale yellow). In body of core, overall color is Munseli 5Y 8/1 (yellowish gray), and locally 5Y
7/1 (light gray) or N9 (white) around some aggregate particles.

Hardness: Hard overall; locally soft in white paste around some aggregate particles.

aGROUP
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Luster: Subvitreous.
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Latah Bridge Rehabilitation Study November 16, 2011
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Paste-Aggregate Bond: Moderately tight.

Air Content: Estimated 1 to 2%. Concrete is not air-entrained, based on the scarcity of small,
spherical voids in the hardened cement paste.

Depth of Carbonation: Approximately 1 mm (0.04 in.) along much of the exterior surface;
locally as deep as 13 mm (0.5 in.) near sub-surface voids and microcracks.

Calcium Hydroxide*: Overall estimated 10 to 20%, generally comprised of medium to large
sized crystals and patches distributed throughout cement paste and along periphery of
aggregate particles. Distribution is somewhat non-uniform, and volume is locally lower due to
leaching.

Residual Portland Cement Clinker Particles*: Estimated 2 to 4% unhydrated and partially
hydrated portiand cement clinker particles. The size of the particles is somewhat coarse,
measured up to 0.2 mm (0.008 in.) across. Relics of in-situ hydrated clinker particles are
common.

Supplementary Cementitious Materials*: None observed.
Secondary Deposits: Ettringite crystals line or completely fill some voids.

MICROCRACKING: A few vertical microcracks extend from the exterior surface to depths of up
to 30 mm (1.2 in.), passing through aggregate particles. A 10 mm (0.04 in.) long, surface-
parallel microcrack extends around aggregate particles at a depth of 3 mm (0.1 in.) from the
exterior surface. Short, discontinuous, randomly-oriented microcracks are common in cement
paste; these microcracks are not related to any deleterious mechanisms.

ESTIMATED WATER-CEMENT RATIO: Moderate to moderately high (0.50 to 0.60), based on
the microscopical and physical properties of the hardened cement paste. However, the
estimation is speculative due to the advanced hydration of cement in the 98-year old concrete.

MISCELLANEOUS: Cement paste exhibits moderately low to low water absorbency overall;
locally high in the regions of white paste.

*percent by volume of paste
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	EXECUTIVE SUMMARY
	SCOPE OF INSPECTION
	The data for this Bridge Inspection Report was obtained on September 26 through October 1, 2011.  B&N’s inspection team members were as follows:
	Figure 2 – General Nomenclature
	INSPECTION FINDINGS
	The following outline provides a brief summary of condition observations made regarding the various primary elements and locations on the bridge.  The complete set of field notes is tabulated in Appendix A.  The “ID” column of the table corresponds to...
	DECK:
	Deck Soffit
	The soffit of the deck in Span 3 exhibits localized areas of spalling with exposed reinforcing steel, delaminations, and cracking.  Much of the deterioration of embedded reinforcing steel has been prompted by prolonged exposure to deck drainage combin...
	/
	Photo C4-38 (ID C325) –  Soffit between west face of Pier 2 and Floorbeam 1 in Span 3, 5’ x 5’  area of spalling, delamination and exposed rebar, 3/8” diameter remaining on rebar.
	Similar areas of deterioration were noted on the soffit beneath the sidewalk overhang.  One of the most pronounced areas of soffit deterioration was noted along the edge of the deck between Floorbeams 18 and 19 on the south edge.  It consisted of a de...
	/
	Photo C2-03 (ID C101) – Deterioration between Floorbeams 18 and 19 along south overhang in Span 3.
	However, typically the underside of the deck was found to be in satisfactory condition with only minimal deficiencies in locations away from joints or the perimeter of the bridge.  Where spalls were noted, they were typically very small, localized and...
	Sidewalk
	The concrete sidewalk is in fair to poor condition and exhibits localized areas of bulging and cracking likely due to freeze/thaw heaving of the fill beneath the sidewalk.  Patched areas are typical throughout.
	Railing/Barrier
	Ornamental bridge rail is located along the exterior edges of the sidewalk. Jersey-type barrier is located between the sidewalk and the roadway.  The ornamental rail is in generally poor condition with large patched areas, severe scaling, spalling, de...
	./
	Photo C3-61 (ID C244) -  North exterior rail between Floorbeams 16 & 18, Span 3, wide horizontal cracks in rail both above and below balusters.
	Additionally, a gap of up to 7/8 in. was noted between the top of each baluster and the top rail.  No dowels or other mechanical connection were noted in these areas between the baluster and the top rail.  No significant deficiencies or deterioration ...
	Wearing Surface
	The wearing surface is generally in good condition and consists of an asphalt overlay with minor rutting in the wheel lines.  Presently, there are two layers of asphalt over the original concrete deck and trolley lines.  The lower layer is punky, fria...
	SUPERSTRUCTURE
	Floorbeams/Beams
	Like the deck soffit, floorbeams exhibited localized areas of spalling with exposed reinforcing steel, delaminations, mineral deposits and cracking.  The most significant areas of deterioration were typically found adjacent to the control joints.  Tra...
	/
	Photo C3-90 (ID C257) - Span 3, Floorbeam 24 between arch rib lines C & D.  Entire bottom face is delaminated.  Extensive evidence of rust staining and seepage through joint.
	/
	Photo C4-42 (ID C330) –  Span 3, Floorbeam 4 at midspan between Spandrel Arches A & B, 4’ long x full width x 3” deep delaminated area with spalling.  Multiple spalls and delaminations at midspan also noted.  Exposed bars in photo have up to 1/8” loss...
	Inside the piers, the transverse floorbeams found in the spans are replaced by longitudinal concrete beams that support the deck slab over the piers.  These beams exhibited significant deterioration due to years of exposure to deck drainage.  Beams wi...
	/
	Photo D1-20 (ID E013) – Full length spall on bottom face of Beam 10 in Pier 2.  1/8” section loss to bottom bars and stirrups.
	Moisture is readily available to promote deterioration of embedded reinforcing steel as evidenced by leaking drains and joints and extensive efflorescence deposits.
	/
	Photo D1-10 (ID E008) – West end of Beam 1 inside Pier 2, note heavy leakage through scupper pan, extensive rust staining, and efflorescence on concrete beam.
	The deterioration present on the beams inside the piers has likely resulted in reduced structural capacity of these members.  Removal of traffic from the outer lanes above these areas suggests that this condition has been considered by the bridge owners.
	Another condition that was frequently noted was the presence of narrow diagonal cracks in the floorbeam ends above the pilasters at Spandrel Walls B & C.  This condition was noted primarily in Floorbeams 8 – 20.
	/
	Photo E1-03 (ID E004) –  Narrow diagonal cracks at pilaster-floorbeam intersection. Typical both web faces. No exposed bars, leakage or rust staining.
	Floorbeam Cantilevers
	Beneath the sidewalk, floorbeam cantilevers support the deck slab. These members exhibited localized cracking, spalling and delaminations.  Deterioration appeared slightly more pronounced along the north elevation of the bridge.  Section loss to expos...
	/
	Photo C2-22 (ID C121) –  South sidewalk overhang at Floorbeam 8.  Evidence of leakage through joint and 6” dia. delaminated area.
	Spandrel Arches & Spandrel Walls
	In Span 3, the spandrel arches are located from Floorbeam 8 to the face of Pier 2 and from Floorbeam 20 to the face of Pier 3.  The spandrel walls run from Floorbeam 8 to Floorbeam 20.
	Large areas of deterioration were typically found on the spandrel arch soffits along the corners.  Additionally, frequent cracking was also noted in these areas suggesting the occurrence of corrosion of the embedded steel reinforcing.
	/
	Photo C3-70 (ID C247) –  Span 3, Spandrel Arch D, between Floorbeams 20 & 22.  Large delaminated  areas with exposed bars and rust staining on both corners.  Typical at symmetrical locations.
	Localized delaminated areas and spalls were also noted in the vertical wall faces of the spandrel arches and spandrel walls.
	/
	Photo C3-43 (ID C233) –  Span 3, Spandrel Wall D between Floorbeams 8 & 9.  Multiple localized delaminated areas and spalls, some with exposed reinforcing steel.  Bars exhibit up to 1/16” section loss. Also note corrosion on steel utility bracket.
	/
	Photo C4-17 (ID C311) –  Span 3, Spandrel Arch A soffit, between Floorbeams 2 & 3.  5’ H x 4’ W x 4” D delaminated area with spalls and exposed reinforcing steel.  Bars exhibit approximately 3/16” section loss maximum.
	/
	Photo C2-45 (ID C136) –  Span 3, Spandrel Arch A, below Floorbeam 8.  5’ tall spall along corner, 2 layers of bars exposed.  Max loss to bar diameters = 100%.
	Spandrel Columns
	Spandrel columns are located at floorbeams 4 and 24.  They typically exhibit delaminations and spalls in the vertical faces with deterioration particularly pronounced on the corners.  Section loss was noted to exposed bars on the columns.
	/
	Photo D1-06 (ID D007) –  Span 3, Spandrel Column B-24, large corner spall with exposed reinforcing steel with 1/16” loss to bar.
	Note:  Typically in the Field Note Table, the area above the spandrel column is part of the “Spandrel Arch”.  Some entries in the table have component designations of Spandrel Column for this location when describing a deficiency.  The ID callout on t...
	Arch (Rib, Floor, Soffit)
	Main arch components were found to be in generally fair condition.  Arch ribs and floors exhibited narrow to medium cracks and minor small spalls and delaminations.  No significant exposed bars with section loss were noted on the arch in Span 3.  Some...
	/
	Photo E2-09(ID E111) – Heavy debris (dirt, garbage, bird waste, etc.) at base of arch floor at west face of Pier 2
	/
	Photo C2-25 – Typical condition of arch soffit in Span 3
	/
	Photo E2-10 –Typical overall view, arch floor between Arch Ribs A & B below Floorbeams 1-4.  Note typical rough/poor formwork/finishing and localized honeycombing patches.
	PIERS
	The exterior of the piers exhibit localized delaminated areas, spalls, cracking, surface scaling, joint leakage and associated deficiencies.  The most significant areas of deterioration were noted higher up on the piers, closer to the deck.  A widespr...
	The interior surfaces of the walls of Pier 2 exhibited delaminated areas with spalling, leakage, stainage and cracking in the upper chamber immediately below the deck.  The lower chamber walls were in satisfactory condition with no major deficiencies ...
	/
	Photo C1-13 (ID C008) –  West face of Pier 3 between Arch Ribs A & B.  4’ x 6’ delaminated area and 6’ high corner delamination on pilaster above Arch Rib A.  Localized spalls are present in the delaminated areas and have exposed bars with up to 1/8” ...
	/
	Photo E3-25 (ID E327) – Typical condition, interior of Pier 2. No significant deficiencies noted.
	/
	Photo E3-29 (ID E336) –  Looking down at lower chamber in Pier 2, access door on east face.  Trapped water and debris in base of pier.
	APPROACHES
	Deterioration in the approaches was mainly found at transverse floorbeams and in the deck soffit.  Prolonged exposure to deck drainage has initiated corrosion of the embedded reinforcing steel in many of the members located adjacent to joints.
	/
	Photo D2-07 (ID M101) – Large spalled area with exposed bottom bars on floorbeam where East Approach meets Arch Span 1.  Water leakage through joint above.
	/
	Photo C4-48 (ID M401) – Spalling and bars with section loss (estimated at 1/8” max loss to diameter) on bottom of floorbeam at Column Line 1 in West Approach.
	No significant deterioration was found during a cursory inspection of the walls of the approach chambers.  Localized minor cracking, spalling, and staining were noted.
	UTILITIES
	Pipe Supports
	A large bank of utility conduits is located between spandrel wall/arch lines C & D.  Additionally,  utility lines are mounted on the exterior north face of the bridge, immediately below deck level.  Corrosion was noted on the steel elements comprising...
	/
	Photo D1-27 (ID E019) – Failed steel utility support bracket near east wall of Pier 2.  Bracket supports a 12” dia. pipe.
	Between Spandrel Arches C and D, transverse beams are present whose purpose was likely to support utilities.  They are currently not supporting the utility lines in this area. These beams exhibit medium vertical and diagonal cracks and localized areas...
	/
	Photo C3-109 (ID C271) –  Transverse beam between Spandrel Arches C & D at Floorbeam 27.  Vertical crack 2’ from face of Spandrel Arch C.  This cracked condition is typical at several locations
	Light Pole Pilasters
	Light poles are located along the north side of the bridge deck.  These poles penetrate the deck and are supported by small pilasters on the Spandrel Arch/Wall D.  These pilasters exhibit extensive distress related to prolonged exposure to deck draina...
	/
	Photo C3-31 (ID C223) –  Light pole pilaster at Floorbeam 6.  Corrosion related distress to steel pole and concrete pilaster.
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