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1. Why Pultruded FRP Profiles
Pultrusion is a continuous manufacturing process: bundles of reinforcing fiber (most often E-glass roving and
mat) are pulled through a resin bath, then through a heated steel die that shapes and cures the profile in one
pass. The result is a constant-cross-section structural profile with fibers aligned mainly along its length,
produced in continuous lengths and cut to order. Because the process is continuous, unit cost stays low at
volume, dimensional consistency is high, and the same die can run different resin systems or colors.

Where FRP beats steel, aluminum, and wood

• Corrosion resistance. FRP does not rust, rot, or need repainting. It is a standard choice in chemical plants,
water and wastewater treatment, coastal and marine structures, and anywhere galvanized or painted steel
becomes a maintenance burden.

• Weight. Pultruded FRP weighs roughly 80% less than steel and about 30% less than aluminum for the same
profile volume (density about 1.8–2.0 g/cm³ vs. 7.85 for steel and 2.7 for aluminum). Transport, handling, and
installation are correspondingly easier.

• Electrical insulation. Glass-fiber pultrusions are electrically non-conductive — the default material around
live electrical equipment, substations, and rail third rails.

• EMI/RF transparency. FRP is transparent to radio waves and microwaves, which is why it is used for
antenna masts, radomes, and screening structures.

• Thermal performance. Pultruded FRP has low thermal conductivity — on the order of 1/60 that of steel and
1/250 that of aluminum — making it an effective thermal break in building envelopes.

Where FRP does NOT win — specify with eyes open

• Stiffness. The elastic modulus of a glass/polyester pultrusion is roughly one-tenth that of steel. Strength is
often adequate, but deflection usually governs the design. Expect deeper sections, shorter spans, or more
supports than with steel.

• Creep. Under sustained load, FRP deflects slowly over time. Long-term allowable stresses must be derated
— ask the manufacturer for creep data on permanent installations.

• UV exposure. Bare resin surfaces degrade in sunlight (chalking, then exposed fibers). Outdoor profiles need
a surfacing veil, UV inhibitors in the resin, or a coating — see Section 4.

• Fire. Standard polyester resin is combustible. Any occupied or code-regulated application needs a
fire-retardant formulation and a specified fire rating — see Section 4.

• Temperature. Mechanical properties of polyester pultrusions degrade above roughly 65 °C (150 °F), vinyl
ester above roughly 93 °C (200 °F). Confirm resin suitability for hot environments.
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FRP vs. traditional materials at a glance

Property Pultruded FRP (glass/polyester) Structural steel Aluminum Wood

Density (g/cm³) 1.8–2.0 7.85 2.7 ~0.5–0.8

Longitudinal
tensile strength

~240–450 MPa (typical published
ranges)

~400 MPa (A36 yield
250 MPa)

~200–300 MPa varies widely

Elastic modulus
(longitudinal)

~17–24 GPa ~200 GPa ~70 GPa ~9–14 GPa

Corrosion in
industrial/marine
service

Excellent Poor — needs coating Good Poor — rots

Electrical
conductivity

None (insulator) High High Low

RF/EMI
transparency

Yes No No Partial

Routine
maintenance

None Repainting / coating Low Sealing / painting

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

2. Standard Shapes and How to Choose
Most pultruders stock dies for the classic structural shapes. The shape follows the load path, exactly as it would
in steel — but with FRP, deflection rather than strength usually controls, so favor closed sections (tubes) and
deeper profiles when stiffness matters.

Shape Typical uses Typical catalog size range*

Flat bar / strip Spacers, battens, edge trims, wear strips 3–25 mm thick × 20–150 mm wide

Solid rod (round,
square)

Tool handles, plant stakes, dowels, insulator cores 3–50 mm dia. / across flats

Square / rectangular
tube

Frames, handrails, columns, equipment skids 20–150 mm outside dimension

Round tube Handles, flagpoles, antenna masts, telescoping poles 20–110 mm OD

Angle (equal leg) Frame corners, edge protection, bracing, shelf supports 25–150 mm legs

Channel (C / U) Purlins, stringers, cable support, tank stiffeners 40–300 mm depth

I / H beam Structural beams, platform framing, walkways 75–300 mm depth (deeper on
request)

T-profile Panel joints, connection pieces, trim 25–100 mm

Sheet piling Waterfront bulkheads, retaining walls, flood barriers Interlocking panels ~300–600 mm
wide

Custom profile OEM parts, enclosures — any constant cross-section Limited only by die size

*Typical published ranges across major pultruders’ catalogs — indicative, not limits. Wall thickness is usually 3–6 mm on
structural shapes; heavy-wall sections are available.
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Custom cross-sections

Pultrusion can produce almost any constant cross-section — window lineals, deck planks, cable trays, OEM
machine parts. A custom shape requires a dedicated die, machined from tool steel and typically polished and
chrome-plated. Expect a tooling discussion: die cost, minimum run length, and lead time. A custom die only
makes economic sense when projected volume amortizes the tooling — for one-off needs, adapt a stock shape
instead. Because IncomePultrusion machines its own dies in-house, tooling lead time and iteration cost are
lower than at pultruders who outsource die-making.

3. Resin System Selection
The glass provides the strength; the resin determines corrosion resistance, temperature capability, fire behavior,
and much of the cost. Resin choice is the single most consequential specification decision after the shape itself.

Resin system Corrosion
resistance

Strength /
stiffness

Fire & smoke Cost Choose when

Orthophthalic
polyester

Mild environments
only

Good baseline Combustible unless
FR-modified

Lowest Dry, indoor, non-critical
parts

Isophthalic
polyester

Good,
general-purpose

Good baseline Combustible unless
FR-modified

Low General structural use,
outdoor with veil,
water/wastewater

Vinyl ester Excellent — acids,
alkalis, solvents

Good, better
toughness

Combustible unless
FR-modified

Mid Chemical plants,
scrubbers, aggressive
corrosion, warmer
service

Epoxy Very good Highest; standard
matrix for carbon
fiber

Combustible unless
FR-modified

High Maximum mechanical
performance,
fatigue-critical parts,
CFRP

Polyurethane Good High toughness and
impact

Combustible unless
FR-modified

Mid–high Impact-prone parts,
fast-cure production

Phenolic Good Good Inherently
fire-resistant; very low
smoke and toxicity

High;
demanding
processing

Tunnels, offshore, rail,
mass transit —
fire/smoke/toxicity
governs

Fire-retardant formulations

Polyester and vinyl ester profiles can be formulated with fire-retardant additives or FR resin grades to meet
specific flame-spread classes (Section 4). FR grades typically cost more and may trade a little mechanical
performance. State the required fire rating in the RFQ rather than asking for “fire retardant” generically.

Rule of thumb

Start with isophthalic polyester; move to vinyl ester when the chemical environment or temperature demands it;
move to phenolic only when the fire code demands it; use epoxy when mechanical performance or carbon fiber
demands it.

4. Surface, Color, UV, and Fire Ratings

Surface finish options

• Standard (as-pultruded) finish. Smooth from the die, but the surface is resin-poor and can show fiber
pattern. Acceptable for indoor, non-exposed parts.

• Polyester surfacing veil. A thin non-woven veil (about 0.2–0.4 mm) applied at the die creates a resin-rich
outer skin. This is the standard outdoor specification: it blocks fiber bloom, improves corrosion resistance, and
carries UV inhibitors.
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• Gel coat / paint. For architectural appearance or maximum UV and chemical protection, profiles can be
gel-coated in-line or painted after pultrusion (light abrasion plus a polyurethane or epoxy paint system).

UV degradation — what actually happens

Ultraviolet light breaks down exposed resin at the surface. First the surface chalks (a white, powdery
appearance); left unprotected, the resin erodes until glass fibers stand proud of the surface — “fiber bloom.” The
structural core is usually still sound, but the surface becomes rough, unsightly, and irritating to handle.
Prevention, in increasing order of protection: UV inhibitors in the resin → surfacing veil → gel coat or paint. For
permanent outdoor structures, specify veil plus UV-stable resin as a minimum.

Color

• Pigmented throughout (standard): pigment is mixed into the resin, so the color runs through the whole
profile and scratches do not show a different substrate. Stock colors are typically grays, greens, beige, and
safety yellow; custom RAL matches are possible at order volume.

• Painted: any color and better UV protection, but a maintenance item over the life of the part.

Fire ratings — ASTM E84

In North America, surface burning behavior of building materials is classified by ASTM E84, Standard Test
Method for Surface Burning Characteristics of Building Materials (the Steiner tunnel test). It reports a
Flame Spread Index (FSI) and a Smoke Developed Index (SDI):

Class Flame Spread Index (FSI) Smoke Developed Index (SDI)

Class A (I) 0–25 ≤ 450

Class B (II) 26–75 ≤ 450

Class C (III) 76–200 ≤ 450

• Interior building use: codes such as the IBC call for Class A or B depending on occupancy and location —
state the class your code requires, and ask for the E84 test report, not a verbal assurance.

• Fire-retardant polyester / vinyl ester profiles commonly achieve Class A or Class B.

• Severe fire/smoke/toxicity duty (tunnels, offshore platforms, mass transit): specify phenolic pultrusions,
which can reach flame spread indices of 5 or less with smoke indices under ~50.

Elsewhere, EN 13501-1 (Euroclasses) is the European counterpart — do not mix the two systems in one
specification.

5. Tolerances, Quality, and Testing

Dimensional tolerances

Pultrusion holds tighter and more consistent dimensions than most buyers expect from a “plastic” process, but it
is not machining. A typical published example from a pultruder’s technical guide:

Nominal cross-section dimension Typical tolerance

Up to 20 mm ± 0.3 mm

20–100 mm ± 0.4 mm

100–300 mm ± 0.5 mm

Angularity of profile ± 1.25°

Cut length is normally held looser (several millimeters) unless a sawing tolerance is agreed. If your assembly
needs tighter fits, say so in the RFQ — die condition, pull speed, and cure all affect final dimensions, and a good
pultruder can tighten up when the application justifies it.
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What QC to ask about

• Glass content. Structural shapes typically run around 50% glass by weight (rod and bar products run higher),
verified by ignition loss (burn-off) testing per ASTM D2584.

• Degree of cure. Barcol hardness per ASTM D2583 is the standard shop-floor check; resin manufacturers’
guides treat readings of roughly 30+ as indicating a well-cured laminate.

• Mechanical testing. Tensile properties per ASTM D638 or ISO 527 (technically equivalent methods); flexural
properties per ASTM D790. Ask whether coupons are cut from production profiles.

• Full-section structural properties. In Europe, EN 13706, Reinforced plastics composites —
Specifications for pultruded profiles, is the governing specification: Part 1 covers designation, Part 2 test
methods and general requirements, Part 3 specific requirements. It defines structural grades by full-section
modulus — grade E17 and the higher E23. For structural projects, specifying “EN 13706 E23” is a clean,
enforceable requirement.

• Traceability. Batch records, resin lot traceability, and a certificate of conformance per shipment.

Standards worth naming in your specification

• EN 13706-1/-2/-3 — pultruded profile designation, test methods, and requirements (structural grades
E17/E23)

• ASTM E84 — surface burning characteristics (fire classes)

• ASTM D638 / ISO 527 — tensile properties of plastics

• ASTM D790 — flexural properties

• ASTM D2583 — Barcol indentation hardness (cure check)

• ASTM D2584 — ignition loss (glass content)

6. How to Specify — the RFQ Checklist
The difference between a 24-hour quotation and a two-week email chain is almost always the completeness of
the first inquiry. Send these nine items and you will get a firm price fast:

# Item What to send

1 Cross-section drawing DWG, dimensioned PDF sketch, or STEP file. For stock shapes, the manufacturer’s
shape code is enough.

2 Dimensions & tolerances Cross-section dimensions, wall thickness, cut length, and any critical-to-fit tolerances.

3 Resin system Polyester / vinyl ester / epoxy / polyurethane / phenolic — or describe the chemical
environment and let the manufacturer recommend.

4 Fire rating e.g., “ASTM E84 Class A,” if applicable.

5 Color Stock color or RAL number; pigmented throughout vs. painted.

6 Surface finish Standard, surfacing veil (outdoor default), gel coat, or paint.

7 Mechanical requirements If structural: required section properties, or “EN 13706 E23.”

8 Quantity Total meters/pieces and order frequency — tooling and price breaks hinge on this.

9 Destination & Incoterm Destination port and terms (FOB Nanjing/Shanghai, CIF, etc.) so freight can be quoted in
the same pass.

What speeds up a quote further: photos of the part the profile replaces; the application in one sentence; an
annual volume estimate; whether samples are needed before production.
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7. 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 drawing for a free 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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