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1. Why the Upfront Price Misleads
Steel usually wins the first line of the quotation. Pultruded FRP profiles typically cost more per meter than the
equivalent carbon-steel section, and in a purely dry, indoor, short-life application that line may be the only one
that matters. But for structures that live outdoors, near salt water, or in chemical service, the material price is
only the first of at least six cost layers — and it is often a minority of what the structure costs to own over its
design life.

The lifecycle cost stack

Cost layer What it includes Why the material choice changes it

Material & fabrication Sections, cutting, drilling, shop work FRP usually costs more per meter than carbon
steel

Transport & handling Freight, lifting gear, site logistics FRP weighs roughly a quarter of steel at equal
volume

Installation Crew size, cranes, welding, hot-work permits,
access equipment

FRP installs with small crews and ordinary tools;
no hot work

Corrosion protection
& maintenance

Coating systems, surface preparation, repainting
cycles

Steel in corrosive service needs a maintained
coating; FRP needs none

Downtime Lost production or access while maintenance is
performed

Every repaint or repair on steel is a potential
shutdown

Service life &
replacement

Years until the structure must be replaced In corrosive environments, FRP routinely outlasts
painted steel

A procurement decision made on line one of this table, in a C4 or C5 environment (Section 2.3), is a decision
made on a fraction of the real cost. The sections below walk through each layer with published data; Section 3
shows the full calculation on a worked example.

2. The Cost Components

2.1 Material and weight

Pultruded FRP has a density of about 1.8–2.0 g/cm³ versus 7.85 g/cm³ for carbon steel — roughly a 4:1
difference, so at equal volume an FRP member weighs about one quarter of its steel equivalent.

Property Pultruded FRP (glass/polyester) Structural carbon steel

Density 1.8–2.0 g/cm³ 7.85 g/cm³

Longitudinal tensile strength ~240–450 MPa ~400 MPa (A36 yield 250 MPa)

Elastic modulus (longitudinal) ~17–24 GPa ~200 GPa

Corrosion in industrial/marine
service

Excellent — no coating needed Poor — needs a maintained coating system

Values are typical published ranges, not design values. Always design with the specific manufacturer’s certified section
properties.

What the weight difference does to cost:

• Freight. A given structure ships at roughly a quarter of the steel weight, cutting ocean-freight and
inland-haulage cost — and lighter bundles are easier to consolidate in mixed containers.

• Handling. Most FRP members can be manhandled; steel equivalents often need a forklift, crane, or
telehandler at every step.

• Foundations and support. Lower dead load can shrink supporting steel and foundations on elevated
structures.

The honest counterweight: FRP’s lower modulus (about one-tenth of steel) means deflection, not strength,
usually governs design — expect deeper sections, shorter spans, or more supports. See Section 4.
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2.2 Installation

• Two-man lifts. Most handrail, grating, and framing members can be carried and set by a two-person crew
without a crane.

• No hot work. Connections are bolted or riveted — no welding, no hot-work permits, no fire watch. In
operating petrochemical plants, offshore platforms, and confined spaces, eliminating hot work can be the
difference between installing during production and waiting for a shutdown window.

• Ordinary tools. FRP cuts and drills on site with standard carbide tooling. Field modifications need no welding
crew — and there is no coating to damage and repair afterwards.

• Faster crews. Published case data points to meaningful labor savings: a bridge-deck study (Berg et al., 2006,
cited in ElGendy, Univ. of Manitoba) reported 57% lower construction labor cost with FRP reinforcement
versus conventional steel — a different application, but the mechanism (low weight, prefabrication, no
welding) is the same.

Where this saves real money: live chemical plants, offshore and marine installations with limited lift capacity,
and confined or elevated spaces where hot work and heavy lifting dominate the installation budget.

2.3 Maintenance and corrosion

Carbon steel in corrosive service survives only behind a maintained coating system. The international reference
for specifying that protection is ISO 12944, which classifies atmospheric corrosivity (Part 2) and defines
coating-system durability classes (Part 1).

Category Corrosivity Typical environments

C1 Very low Heated, clean, dry interiors

C2 Low Unheated interiors, rural atmospheres

C3 Medium Urban and light-industrial atmospheres, moderate pollution

C4 High Industrial areas and coastal zones with moderate salinity

C5 Very high Heavy industrial zones; coastal/offshore areas with high salinity

CX Extreme Offshore and severe humid-tropical industrial exposure (added in the 2017 revision, replacing
the old C5-I / C5-M split)

Durability class (ISO 12944-1) Years to first major maintenance

L (low) up to 7 years

M (medium) 7–15 years

H (high) 15–25 years

VH (very high) more than 25 years

Two practical consequences:

• In C4–C5 service, achieving a High durability class typically requires a multi-coat system with a dry-film
thickness above roughly 250 µm — blast-cleaning, primer, intermediate and top coats, inspection at each
step. A substantial up-front cost, and still only a planning band, not a warranty.

• “First major maintenance” is exactly what it says: the repaint cycle then repeats for as long as the structure
stands. A 20-year structure in C4 with a medium-durability system is repainted at least once, often twice.

Pultruded FRP carries no coating system at all. The corrosion resistance is in the material — glass fibers in a
polyester or vinyl ester matrix. Maintenance reduces to periodic inspection and cleaning. (For permanent
outdoor exposure, specify a surfacing veil and UV-inhibited resin so the surface does not chalk over time — a
specification item, not a maintenance cycle.)
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2.4 Downtime, service life, and replacement

Every steel maintenance event — blast-cleaning, repainting, repairing a corroded member — needs access,
and access in an operating plant usually means a permit, scaffolding, and frequently a shutdown. In process
industries the lost production from a single maintenance shutdown can exceed the entire maintenance budget;
this cost layer rarely appears in a quotation but dominates real-world comparisons.

Published industry data supports long FRP lifetimes in corrosive environments — stated as ranges, with
attribution:

• ACMA technical presentations cite proven FRP durability in excess of 50 years, with accelerated testing
predicting composite part life beyond 100 years with minimal loss of mechanical properties.

• Creative Composites Group states FRP products have a service life of approximately 100 years with
virtually no maintenance.

• Bridge suppliers report FRP structural sections with more than 30 years in service and counting (CTS
Bridges).

• A painted steel structure in C4–C5, by contrast, is on a 7–15-year maintenance cycle (ISO 12944 durability
classes) for its entire life, and section loss from corrosion can force member replacement regardless of
coating maintenance.

Service life depends on resin selection, environment, and detailing — treat the ranges above as planning guidance, not
guarantees.

3. Worked Example: 100 m of Industrial Handrail, C4, 20 Years

Illustrative example — not a quotation

Every number in this section is a round-number assumption chosen to show the structure of a lifecycle cost comparison.
Replace them with your project’s actual quotes, labor rates, and coating specifications before making any decision.

Assumptions

# Assumption Value used

1 Scope 100 m of two-rail industrial handrail (posts, rails, kick plate)

2 Environment ISO 12944 C4 — industrial/coastal, moderate salinity

3 Analysis period 20 years, undiscounted totals (no NPV)

4 Steel option Painted carbon-steel handrail, shop-fabricated, welded on site

5 FRP option Isophthalic polyester pultruded handrail, surfacing veil, safety yellow, mechanically
fastened

6 Material & fabrication Steel $35/m; FRP $60/m

7 Installation Steel $25/m (welding crew + hot-work permit); FRP $15/m (two-person crew, bolted)

8 Initial corrosion protection (steel
only)

$10/m — multi-coat system to ISO 12944 C4

9 Steel maintenance Full repaint every ~7 years (medium durability class) at $25/m incl. access, surface
prep, containment — two repaints in 20 years

10 FRP maintenance Inspection and cleaning allowance, $400 total over 20 years

11 Downtime / lost production Excluded (see sensitivity notes)
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20-year cost comparison (USD, illustrative)

Cost layer Steel FRP

Material & fabrication 3,500 6,000

Installation 2,500 1,500

Initial corrosion protection 1,000 0

Day-one subtotal 7,000 7,500

Repaints (years ~7 and ~14) 5,000 0

Inspections / cleaning 0 400

20-year total 12,000 7,900

Reading the result: steel is about 7% cheaper on day one — the number that decides most purchase orders.
FRP overtakes it at the first repaint (~year 7) and ends the 20-year period at roughly two-thirds of steel’s total, a
saving of about one-third — before pricing any downtime.

Sensitivity — when the answer changes

• More corrosive environment (C5/CX, offshore): repaint intervals shorten toward the low end of the
durability classes; the FRP advantage grows.

• Dry indoor environment (C1–C2): steel may never need repainting, so the comparison collapses to day-one
cost — and steel wins. See Section 4.

• High-cost labor markets: installation and repainting are labor-heavy; expensive labor widens the FRP
advantage.

• Downtime-priced plants: if a maintenance shutdown costs real money (petrochemical, offshore, continuous
process), pricing even one avoided shutdown can exceed the entire maintenance line for steel.

• Discounting: NPV analysis shrinks the future repaint costs and narrows the gap slightly; it does not reverse it
under these assumptions.

4. Where Steel Still Wins
An honest comparison has to name the cases where FRP is the wrong choice:

• Stiffness-governed designs. FRP’s longitudinal modulus is ~17–24 GPa versus ~200 GPa for steel —
about one-tenth. Long spans, tight deflection limits, and slender compression members favor steel. FRP
designs compensate with deeper sections and shorter spans, but sometimes the geometry simply will not
allow it.

• High temperatures. Mechanical properties of standard polyester pultrusions degrade above roughly 65 °C
(150 °F), vinyl ester above roughly 93 °C (200 °F) (Strongwell guidance). Near furnaces, steam lines, or other
hot service, verify the resin service limit — or use steel.

• Fire-critical applications without FR resin. Standard polyester FRP is combustible. Where codes demand
non-combustibility and an FR-grade or phenolic pultrusion is not available or not certified for the duty, steel is
the straightforward answer.

• Commodity, non-corrosive applications. In a dry, indoor, C1 environment with a modest design life and a
hard capex ceiling, steel’s lower material price is decisive. There is no corrosion to protect against, so there is
no maintenance saving to recover.

If none of these apply and the environment is C3 or worse, the lifecycle comparison almost always favors FRP.
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5. Decision Checklist
Answer these ten questions before choosing between FRP and steel:

# Question Points toward FRP if… Points toward steel if…

1 What is the ISO 12944 corrosivity category
of the site?

C3 or higher C1–C2, dry indoor

2 What design life is required? 25+ years Short or temporary duty

3 What does a maintenance shutdown cost? Production loss is significant Structure can be maintained
anytime

4 How difficult is access for
repainting/repair?

Elevated, confined, offshore, live
plant

Ground level, easy access

5 Are hot-work permits costly or restricted? Welding is restricted or expensive Welding is routine

6 Do weight limits matter? Roof loads, lift capacity, transport
limits

Weight is irrelevant

7 Any electrical or RF requirements? Insulation or RF transparency
needed

None

8 Does stiffness (not strength) govern the
design?

Deflection limits workable with
deeper FRP sections

Long spans / tight deflection limits

9 What is the service temperature? Below the resin’s limit (~65–93 °C) Above resin limits

10 Which budget rules — capex or lifecycle? Owner pays maintenance; LCC
thinking accepted

Capex-only; maintenance is
someone else’s problem

Eight or more answers in the FRP column: specify FRP and ask for the lifecycle comparison with your own
numbers. Eight or more in the steel column: buy steel and spend the savings elsewhere.
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6. About IncomePultrusion
IncomePultrusion is an FRP pultrusion manufacturer based in Nanjing, China. We produce pultruded FRP
profiles in standard and custom shapes, GFRP/FRP rebar, and FRP fasteners and stakes — and, unusually for
a profile supplier, we also build the production equipment itself: pultrusion machines, pultrusion dies and molds,
creel racks, resin mixers, and slitters. Because die-making is done in-house, custom cross-sections move from
drawing to production tooling without an outside toolmaker in the loop. We run OEM production to customer
drawings for export buyers worldwide.

Send your project conditions (environment, design life, loads) for a free lifecycle comparison and quotation — we
respond within 24 hours.

Email: info@incomepultrusion.com
Phone / WhatsApp: +86 138 1403 4409
Web: https://incomepultrusion.com
Address: No. 212, LanTian Road, Lukou Economical Park, JiangNing District, Nanjing, China
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