ct@ Bridge Design Memo 6.13 » October 2022

dtrans:

6.13 SECTION PROPERTIES OF STEEL-CONCRETE
COMPOSITE GIRDER SECTIONS

6.13.1 GENERAL

This memo provides general calculation procedures for elastic section properties of steel-
concrete composite girder sections. The elastic section properties are mainly used to
calculate the stresses of steel girder sections in applicable limit states as specified in
AASHTO-CA BDS-8 (AASHTO, 2017; Caltrans, 2019). The procedures for |-sections are
illustrated and also applicable for other section shapes.

6.13.2 BASIC ASSUMPTIONS
The following assumptions should be used in the section property calculations for steel-
concrete composite sections:

e For short-term composite sections, the concrete deck area shall be transformed by
using the short-term modular ratio, n (Article 6.10.1.1.1b).

E

n=— (AASHTO 6.10.1.1.1b-1)
EC

where:

E = modulus of elasticity of steel (ksi)

E. = modulus of elasticity of concrete (ksi)

e For long-term composite sections, the concrete deck area shall be transformed by
using the long-term modular ratio, 3n (Article 6.10.1.1.1b).

e For composite sections in negative flexure, both short-term and long-term section
properties shall consist of the steel section and the longitudinal reinforcement
within the effective width of the concrete deck, except as specified otherwise in
Article 6.6.1.2.1, Article 6.10.1.1.1d, or Article 6.10.4.2.1.

e For composite sections, the concrete haunch area may be ignored.
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6.13.3 NONCOMPOSITE SECTION

Table 6.13.3-1 Properties of Noncomposite Section
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where:
Ai = area of component i (in.?)
CG = centroid of gravity
CGne = centroid of gravity axis of the noncomposite section
d = total depth of the steel section (in.)
Inc = moment inertia of the noncomposite section (in.#)
li = moment inertia of component section i about its CG (in.#)
Yb = distance between the bottom flange CG and the extreme fiber of the
bottom flange (in.)
Yi = distance between the CG of component j and the extreme fiber of the
bottom flange (in.)
Yney = distance between the extreme fiber of the bottom flange and the CG
of noncomposite steel sections (in.)
Ynct = distance between the extreme fiber of the top flange and the CG of
noncomposite steel sections (in.)
Yi = distance between the top flange CG and the extreme fiber of the

bottom flange (in.)
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distance between the bottom flange CG and the extreme fiber of the
bottom flange (in.)

elastic section modulus for the bottom flange of the steel section
alone (in.3)

elastic section modulus for the top flange of the steel section alone

(in.3)

6.13.4 STEEL SECTION AND LONGITUDINAL REINFORCEMENT

Table 6.13.4-1 Properties of Steel Section and longitudinal Reinforcement
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where
CGns = centroid of gravity axis of the combined steel section and the
longitudinal reinforcement.
Ynsp = distance between the extreme fiber of the bottom flange and the CG
of the combined steel section and the longitudinal reinforcement (in.)
Ynsw = distance between the CG of the longitudinal reinforcement and the
CG of the combined steel section and the longitudinal reinforcement
(in.)
Ynst = distance between the extreme fiber of the top flange and the CG of
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the combined steel section and the longitudinal reinforcement (in.)

Yo = distance between the CG of the longitudinal reinforcement and the
extreme fiber of the bottom flange (in.)

Ins = moment inertia of the combined steel section and the longitudinal
reinforcement (in.#)

Snsp = elastic section modulus for the bottom flange of the combined steel
section and the longitudinal reinforcement (in.3)

Snsry = elastic section modulus for the longitudinal reinforcement of the
combined steel section and the longitudinal reinforcement (in.?)

Snst = elastic section modulus for the top flange of the combined steel

section and the longitudinal reinforcement (in.3)

6.13.5 SHORT-TERM COMPOSITE SECTION

Table 6.13.5-1 Properties of Short-term Composite Section (n)
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Where:

CGst = centroid of gravity axis of the short-term composite section
berr = effective flange width (in.)

ts = thickness of a concrete deck (in.)

Ye = distance between the CG of the concrete deck slab and the extreme

fiber of the bottom flange (in.)
Ysmn = distance between the extreme fiber of the bottom flange and the CG
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of the short-term composite section (in.)

distance between the extreme fiber of the top flange and the CG of
the short-term composite section (in.)

moment inertia of the short-term composite section (in.#)

elastic section modulus for the bottom flange of the short-term
composite section (in.3)

elastic section modulus for the top flange of the short-term composite
section (in.3)

6.13.6 LONG-TERM COMPOSITE SECTION

Table 6.13.6-1 Properties of Long-term Composite Section (3n)

Ai Yi AiYi Yi- Y | A(Yi— Yimw) li
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where:
CG.t=

Yt

Yt =

hr =

St =

Sttt

centroid of gravity axis of the long-term composite section

distance between the extreme fiber of the bottom flange and the CG
of the long-term composite section (in.)

distance between the extreme fiber of the top flange and the CG of
the long-term composite section (in.)

moment inertia of the long-term composite section (in.4)

elastic section modulus for the bottom flange of the long-term
composite section (in.3)

elastic section modulus for the top flange of the long-term composite
section (in.3)
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