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CHAPTER 1

. INTRODUCTION

This country spends over 5 billion dollars a year designing and maintaining our roads and
bridges. Currently there are over 100 billion dollars in overdue bridge repairs that are
multiplying into much more expensive fixes due to neglect. Increasing the life
expectancy of the materials used in construction can reduce much of this cost. Increasing
the life span of concrete structures exposed to deicing salts is a direét function of slowing
the corrosion rate of the steel reinforcement. Chloride ion penetration greatly increases
the rate of corrosion.

Reducing non-structural cracking of concrete caused primarily by drying shrinkage is
one method of modifying the rate of corrosion. Free shrinkage is the length change that
concrete would be expected to undergo without external restraint. Free shrinkage can be
directly related to in place drying shrinkage and cracking tendency.

Drying shrinkage is due to water loss in the hydrated cement paste (hcp). Losses of
water from three pore size ranges in the hep structure have an affect on shrinkage. @ The
three size ranges are:

1) Capilllary voids 5-50 nm

2) Adsorbed water <1.5nm

3) Interlayer spacing 1-4nm

Capillary water is defined as water held in ﬁores greater than 5 nm. Loss of water
from capillaries ranging from 5 to 50 nm in size contributes to shrinkage since its
removal induces compressive stresses on the pore walls. A simplified version of the
stress caused by shrinkage can be estimated by o=(2xY)'r where Y is the surface tension
and r the radius of the pore being drained. Decreasing Y would reduce compressive
stresses and therefore reduce shrinkage.

Shrinkage reducing agents (SRA) can reduce these pressures by lowering the surface
tension at the pore-pore solution interface. Surface tension is due to the difference

between the attraction of surface molecules of a liquid and inner molecules which have



nearest neighbors in three directions. The surface of the liquid acts like a stretched
membrane with in plane forces measured in force per unit length pulling on the pore
walls. For a given pore size drying shrinkage strain is linearly related to surface tension.
Lowering the surface tension of pore water results in lower shrinkage values. ® Pores
greater than 50 nm contain what is known as free water and do not contribute to
shrinkage when drained since the radius is large compared to surface tension.

Loss of water that is physically adsorbed onto the surface solids of the hcp is mainly
responsible for drying shrinkage. Researchers have theorized that 6 layers of closely
packed water molecules can be attached by hydrogen bonding. A major part of the
adsorbed water can be lost by drying the hep to 30 percent relative humidity. Some
suggest that when confined between narrow spaces adsorbed water can exert a disjoining
pressure on the hcp matrix. Loss of water reduces disjoining pressure and causes
shrinkage. ® Interlayer water is associated with the calcium silicate hydrate (CSH)
structure, which is the binding agent of the hep structure, and is lost only in cases of
extremely low relative humidity. The CSH structure shrinks significantly when the water

between the CSH layers, known as interlayer water, is lost.

Current Practice

Contractors are usually on a fast track, wanting to remove formwork as soon as possible.
Curing of concrete is a secondary consideration in most jobs. Most agencies place
normal concrete without significant additives and specify moist cure with burlap for three
to seven days. A sealer that degrades with exposure to ultraviolet light is then sprayed on
the surface to continue curing. The most comnionly cited reason for cracking related to
construction practices is improper curing. @

The contractor selected the mix used as a control in the west bound bridge deck over
Bloody Brook. The major difference between a conventional bridge deck concrete mix
and this mix is the substitution of Ground Granulated Blast Furnace Slag (GGBFS) for a
significant portion of the cement. Substitution of GGBFS for portland cement lowers
temperature gain during hydration and helps develop a less permeable matrix. Using
GGBFS to produce high strength concretes tends to reduce permeability and the

likelihood of thermal cracking; however, it can have an effect on drying shrinkage.













































































































































