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Analysis of the four most common installation errors responsible for 47% of castable failures:

excessive water, inadequate vibration, insufficient curing, and improper dry-out. Includes

prevention SOPs, quality verification methods, and error correction procedures.
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I Failure Root Cause Distribution

% of
Root Cause N X Prevention Cost vs Failure Cost
Failures
Installation errors (all 4 o $5,000—8,000 supervision vs $180,000—250,000
types) 47% failure
Incorrect grade specification | 35% Engineering review before order
Material defects 18% COA verification + incoming inspection

Installation errors are the single largest cause of premature failure — and the most preventable.

The ROI on proper installation supervision is >20:1.

I Error #1: Excessive Water Addition

Frequency: 22% of all castable failures.
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Water Bulk Density
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Crew added 6.5% water instead of specified 5.0% to "improve flow." Result: bulk density
dropped from 2.58 to 2.42 g/cm3; MOR @ 1400°C fell from 7.2 to 4.8 MPa (-33%);

campaign life reduced from 22 months to 14 months. Emergency reline cost: $220,000.

Campaign

Life

Baseline (24

mo)
-15% (20 mo)
-30% (17 mo)

-40% (14 mo)

life by 15—30%.

Critical Rule: NEVER add extra water to improve flow. If castable is difficult to place, fix the vibration

— not the water ratio. For LCC/ULCC, water tolerance is +0.3%; even +0.5% excess reduces campaign

Prevention SOP:

1. Measure water by weight, not volume — use calibrated scale

2. Pre-measure water for each batch in labeled containers

3. Verify flowability with ASTM C230 flow table test; reject batch if outside spec

4. If flow is poor: improve vibration intensity/duration, check mixer condition — not water

I Error #2: Inadequate Vibration

Frequency: 15% of all castable failures.

Under-vibration leaves 2—5% air voids by volume, reducing strength and creating slag penetration

pathways. LCC/ULCC always requires both external formwork vibration AND internal poker

vibration.

Castable External
Type Vibration

Conventional Formwork 60 Hz
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Internal (Poker)

Duration /

3—5 min

Over-Vib Risk

Low
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Formwork 60-80 Required (8,000-12,000 . Moderate (>10
LCC 5—8 min .

Hz vpm) min)

High-freq 80—100 = Required (10,000— . . .
ULCC 8—12 min High (>15 min)

Hz 15,000 vpm)

Real Case: External Vibration Only on LCC

Crew vibrated formwork but omitted internal poker, assuming external was sufficient. Core
samples: 18% porosity (vs 12% target); bulk density 7% below spec; slag penetration 15mm in

first 6 months. Lining replaced at month 9.

Poker technique: Insert vertically at 300—500mm intervals, penetrate to formwork bottom,
withdraw slowly at 50—100mm/second, overlap zones by 100mm. Signs of adequate vibration:

surface becomes smooth/glossy, air bubbles stop rising, castable self-levels.

I Error #3: Insufficient Curing Time

Frequency: 6% of all castable failures.

Minimum curing allows calcium aluminate cement hydration to reach 70—80% completion before

heat-up begins. Premature dry-out = incomplete ceramic bond = chronic underperformance.

Castable Type Minimum Cure Temperature Surface Treatment
Conventional 24 hours >10°C Keep moist

LCC 24 hours >15°C Spray water or cover with plastic
ULCC 24—48 hours >15°C Cover; avoid drafts

Rule: Build a minimum 48-hour window into every project schedule (24h cure + 24h buffer). Cutting

to 12h saves 12 hours on schedule but reduces campaign life by 25—-35% — never a worthwhile trade.

I Error #4: Too-Rapid Dry-Out Schedule

Frequency: 4% of all castable failures — but the most catastrophic when it occurs.

The 110—200°C phase is where 80% of dry-out failures occur. Chemically bound water releases 3—
5x faster than free water. Exceeding 15°C/hour builds steam pressure beyond castable tensile

strength (3—5 MPa), causing explosive spalling.

file:///tmp/castable-lining-installation-errors-pdf.html

3/5



2026/6/24 13:55 Why Castable Linings Crack: Installation Errors That Destroy Refractory Performance

Temperature Max Heating . ..
Hold Time Critical Phase

Range &

20°C — 110°C 10°C/hour 6h @ 110°C Free water evaporation
4—-6h @ A CRITICAL — bound water

110°C - 200°C 10°C/hour
200°C release

200°C — 600°C 20—-30°C/hour 2h @ 600°C Dehydration of hydrates
4—6h @ . .

600°C — 1000°C 30-50°C/hour Ceramic bond formation
1000°C

1000°C — Service 50—100°C/hour — Final heat-up

Real Case: Rushed Dry-Out to Meet Production Schedule

Heat-up at 25°C/hour through 20-200°C (vs required 10°C/hour). Explosive spalling at
180°C; 30% of lining damaged. Emergency repair cost: $45,000 material + labor + 5 days

downtime — vs $8,000 fuel cost to follow the correct schedule.

Dry-out monitoring checklist:

« Install thermocouples at both hot face and cold face — monitor differential (should not

exceed 150°C)
o Visual inspection at each hold temperature — check cracks, expansion joints

» Listen for steam hissing or popping sounds — indicates excessive steam pressure; stop
and hold

o Document actual vs target temperature every 30 minutes

I Installation Quality Verification Methods

During Installation (Real-Time)

1. Flow test before placement — ASTM C230; record result per batch; reject if outside
+10% of spec

2. Material temperature — Verify 15—25°C; cold weather requires pre-heating
3. Mixing time — 4—6 minutes actual mixing (not loading time); use timer

4. Vibration duration — Record per section; supervise to ensure adequate coverage

Post-Installation (Within 2—24 Hours)
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5. Core sampling within 2 hours — 5o0mm x 100mm cores; measure bulk density;

target 298% of spec

6. Cube samples for CCS — 5omm cubes per batch; cure alongside; test @ 110°C x 24h
per ASTM C133

7. Surface inspection after 24h — Check for cracks, water bleeding, delamination

Pre-Dry-Out Checks

8. Rebound hammer — Non-destructive surface hardness; typical rebound 30—45 for
LCC after 24h cure

9. Core CCS test — Should be 90-110% of target for LCC

I Error Correction Procedures

Error Detected Corrective Action

Remove affected castable, remix at correct water ratio,

<30 min
re-place
Excess water 30—90 min Partial set — complete removal and replacement only
) Allow cure, core sample and test density; replace if
>90 min

density <95% spec

Localized <5% area = Mark, remove after cure, replace same castable

Low density (poor
i i Widespread >5%
vibration) s 57 Complete removal and re-installation required
area
Minor <10mm Stop heating, hold; continue at 5°C/hour; repair after
depth completion

Spalling during dry-out
Major >10mm

denth Cool down; remove damaged section; repair or replace
€p
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