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· Deformations (strains) under sustained loads.
· Like shrinkage, creep is not completely P
L
L, elastic
L, creep
P
=L/L







· Magnitude of creep strain is a function of all the above that affect shrinkage, plus
· magnitude of stress
· age at loading







· Creep strain develops over time…
· Absorbed water layers tend to become thinner between gel particles that are transmitting compressive stresses
· Bonds form between gel particles in their deformed position.

Concrete Propertiewhere,

· Tri-axial Compression
· Confined Cylinder
· Improved strength and ductility versus uniaxial compression	F· Example: spiral reinforced
1
1  f 'c  4.1 3
F1 = longitudinal stress at failure F3 = lateral pressure
F
3
F1




concrete Propertie
· Tri-axial Compression






























Fig. 3-15, MacGregor (1997)


Steel Reinforcement


1. General
–	Standard Reinforcing Bar Markings




1. General

Steel Reinforcement


· Most common types for non-prestressed members:
· hot-rolled deformed bars
· welded wire fabric
[image: ]

Steel Reinforcement
· Areas, Weights, Dimensions


Steel Reinforcemen


2. Types
· ASTM A615 - Standard Specification for Deformed and Plain-Billet Steel Bars
· Grade 60: fy = 60 ksi, #3 to #18
· most common in buildings and bridges
· Grade 40: fy = 40 ksi, #3 to #6
· most ductile
· Grade 75: fy = 75 ksi, #6 to #18




Steel Reinforcement



2. Types

· ASTM A616 - Rail-Steel Bars
· ASTM A617 - Axle-Steel Bars
· ASTM A706 - Low-Alloy-Steel Bars
· more ductile GR60 steel
· min. length of yield plateau = sh/y = 5


Steel Reinforcement


3. Stress versus Strain
– Stress-Strain curve for various types of steel reinforcement bar.


Steel Reinforcemen






· Es = Initial tangent modulus
= 29,000 ksi (all grades)

Stress
· Note:	Es
GR40 has a longer	1
yield plateau

GR 60 (less ductile) GR 40
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TABLE A.12. Designations, areas, perimeters, and weights of standard US. bars

. Cross- Unit
Diameter 3 :

: sectional weight
Bar finy area Perimeter per foot Diameter Area
no. Nominal Actual (in.2) (in.) (lb) (mm) (mm?)
2 1 0.250 0.05 0.79 0.167 6.4 32
3 # 0.375 0.11 1.18 0.376 9.5 71
4 5 0.500 0.20 1.57 0.668 1.3 129
5 ] 0.625 0.31 1.96 1.043 15.9 200
6 | 0.750 0.44 2.36 1.502 19.1 284
7 i 0.875 0.60 2.75 2.044 22 387
8 1 1.000 0.79 3.14 2.670 25.4 510
9 1 1.128 1.00 3.54 3.400 28.7 645
10 H 1.270 1.27 3.99 4303 323 820
11 13 1.410 1.56 4.43 5.313 35.8 1010
14 13 1.693 225 532 7.650 43.0 1450
18 2% 2257 4.00 7.09 13.600 513 2580
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FIGURE 2.15. Typical stress-strain curves for some reinforcing steel
bars of different grades. Note that 60-ksi steel may or may not show

a definite yield point.
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FIGURE 2.15. Typical stress-strain curves for some reinforcing steel
bars of different grades. Note that 60-ksi steel may or may not show

a definite yield point.
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