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INTRODUCTION

e Track in the USA 250,000 miles

e 3249 Ties/mile

« ~750 M ties at which 18M/year replaced

e \WWooden railroad ties undergo biological degradation

e Current methods to protect railroad ties include treating with
toxic Creosote

* Typical modes of failure
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INTRODUCTION

Objective:

Create a alternate binder and composite mixtures to
rehabilitate railroad ties in place

Desirable properties:
1. Good flowability
2. Cost-effectiveness
3. Good compressive and flexural strength
4. Good durability
5. Reasonable setting time

6. Feasibility (availability of raw materials, easy to process)
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Parameters for mix design
= Choice of raw materials
« Physical properties

« Chemical properties
= Mixing method

« Mixing time

« Mixing machinery
= Curing conditions

« Time

= Temperature

« Humidity
» Reinforcement choice

Morphology ERDC
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Variables to explore

Raw material Candidate
Slag Grade 100 GGBFS
Grade 120 GGBFS
Metakaolin BASF Metamax

Argical M1200 S

Powerpozz

Metastar 501

Metastar 501 HS

Sodium silicate solution

PQ BW-50

PQ D

Woellner mixed silicate

Woellner sodium silicate

Potassium silicate solution

Woellner potassium silicates




Particle size

distribution
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Intensity(Counts)

Chemical properties: Phase analysis of fly ash

through XRD
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Ground granulated blast furnace slag is glassy
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Selection of metakaolin: Why
Metastar 5017

Mix design varying only metakaolin source

Raw material Amount (wt
%)

DI H,O 19.46
Class F fly ash 37.60

Metakaolin source Avg. 50 °C 3d cure Compressive
strength in MPa (in psi)

Metastar 501 24.24 (3516)

BASF Metamax 7.95 (1153)




Selection of slag: Why Grade 1207

Mix design varying only slag source

Rapid strength development:
Mix 48 RT 1 day = 18.4 MPa (2668 psi)
Mix 49 RT 3 day = 24.9 MPa (3611 psi)
Type 11l high early strength Portland cement :
RT 1 day = 12.4 MPa (1800 psi) =y ymrysmes
RT 3 day = 24.1 MPa (3500 psi)

Amount (wt %)

Solid sodium silicate (molar SiO,:K,0 = 1:1)

DI H,0

slag type RT 7 day

Compressive : :
Lo W Compressive strength according

) to ASTM 1424-10 standard

48 Grade 100 25.38 (3681)
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Reinforcement or filler: Chamotte

« Kaolinite clays or shales calcined at 1050-1100 °C range produces chamotte
e Chemically contains Al(IV) and Al(VI), no Al (V)

« Good for increased high temperature resistance, durability and compressive

strength
M : Mullite
C : Cristobalite
C Q: Quartz
M
2
g M
$ M
£ M
M
~ 8 s v ; Q M
Journal of the American Ceramic Society—Musil and Kriven Vol. 7. No. 3 w
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Reinforcement or filler: Well graded Fine sand
(quartz) in SSD

§7-003-5830~ 5i0; - Silicon Oxide - Alpha
§7-016-3351= 3i0; - Silicon Dioxide - Quartz
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Reinforcement or filler: Chopped basalt
fibers
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Mix composition

* 50 mixtures- select 2 or 3 based on flowability, compressive strength
* Reinforcement (Fillers): Chamotte, sand, Basalt fibers

* Finalized mixture contains a combination of the following:

Sodium silicate

Water | Alkali silicate solution/Hardener/Activator
Metakaolin

Class F fly ash - Precursors

Slag |

Chamotte, | Reinforcement or Fillers

Sand, Basalt .
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Mix design of binders

Mix 1D DI water Metso  Na-Sil 1.25 Metastar Class Ffly Grade 120 Approx. 7 and 28 day
anhydrous  (water 501 ash GGBFS compressive strength
beads already Metakaolin Jacksonvil Cost
2048 added) le 2017

(only
binder)

A 29 10 15 25 21 730 9.38 27.43
(1360) | (4000)

C 27.43 0 22.12 26.54 0 23.89 1051 17.26 41.45

(2503) | (6013) |

Features:
» Good early compressive strength and strength development

» Acceptable flow

e Hardening is dependent on temperature (low T slow hardening)
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Intensity(Counts)

XRD of powdered binders (Mix 45 and Mix 49) at 1 day age (no
new crystalline phases formed)

[Mix 45 BT 1d.raw] mix 45 1.d

[Mix 49 1d.raw] Mix 49 1d
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XRD of powdered binders (Mix 45, Mix 49 and Mix 50) at 28 day age
(no new crystalline phases formed)

[Mix 45 28d.raw] Mix 45 28d

[Mix 49 28d repeat.raw] Mix 49 28d repeat

[Mix 50 BT 28d.raw] mix 50 28 d
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I\/Ilcrostructure of bmders
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Microstructure of Mix C-no fly ash (only

slag and metakaolin)
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Rehabilitated tie flexural testing
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Load, Ibs

Flexural load vs displacement curves
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Flexural load vs displacement curves

Ultimate Deflection at Ultimate deflection at failure | Maximum flexural stress
load (Ibs) ultimate load (in)

Tie number

9715 0.45 2.73 3036
21080 1.41 1.42 6587
11660 1.17 1.36 3644
9055 0.85 1.69 2830
9563 1.08 2.52 2988
Undamaged 44219 0.77 0.79 9024
15667 0.81 1.81 3993
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Conclusions

2 feasible binders developed with good strength and strength
development

Good flow, tailorable setting time at ambient temperature

Raw materials for the binders: available easily, good supply, reasonable
cost, carefully evaluated (physical and chemical properties)

No new crystalline formed in binders at early and late ages
Mixing steps was documented and must be followed
Cover binder during curing

Variety of fillers (sand, basalt, chamotte) can be used

Structural tests on rehabilitated ties show flexural strength improvement
of 78 % when compared to aged ties

=) ERDC

BUILDING STRONG, Innovative solutions for a safer, better world




Acknowledgment

= Dr. Trudy Kriven

= Dr. Mohsen Issa

= Mr. Kaushik Sankar
= Ms. Marion Banko
= Mr. Rich Lampo

=) ERDC

BUILDING STRONG; Innovative solutions for a safer, better world
25




	RESTRORATION OF WOOD RAILROAD�TIES USING INORGANIC POLYMERS
	Outline
	Introduction
	Introduction
	Parameters for mix design
	Variables to explore
	Particle size distribution��
	Slide Number 8
	Slide Number 9
	Selection of metakaolin: Why Metastar 501?
	Selection of slag: Why Grade 120?
	Reinforcement or filler: Chamotte
	Reinforcement or filler: Well graded Fine sand �(quartz) in SSD
	Reinforcement or filler: Chopped basalt fibers 
	Mix composition
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Microstructure of binders
	Microstructure of Mix C-no fly ash (only slag and metakaolin)
	Rehabilitated tie flexural testing
	Flexural load vs displacement curves
	Flexural load vs displacement curves
	Conclusions
	Acknowledgment

