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Abstract: The catastrophic 2025 Pacific Palisades fire-which destroyed 6,837 structures despite deploying 5,677
firefighters and international air support-reveals systemic vulnerabilities in modern wildfire management. This paper
analyzes three understudied historical systems from China's Song (960-1279) and Qing (1644-1911) dynasties, augmented
by contemporary Sichuan Province case studies, to propose a paradigm shift in US urban fire resilience. Through detailed
examination of the Xiang-Fang zoning system, Forbidden City material science, and Sichuan belt space strategies, we
develop an integrated framework combining passive firebreaks, community-driven governance, and biomimetic material
technologies. Using computational fluid dynamics (CFD) modeling of historical fire spread patterns and GIS analysis of
the Palisades ignition zones, we quantify how adopting these principles could reduce structure-to-structure ignition risks by
41-63% in WUI (Wildland-Urban Interface) regions.
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1. Historical Precedents: Architectural Fire Science in Song-Qing Urbanism

1.1 The Xiang-Fang System: proto-zoning for fire containment

Song dynasty urban planners in Bianjing (modern Kaifeng) developed the revolutionary Xiang-Fang system that
redefined urban morphology for fire safety:

e Modular blocks: Rectangular wards measuring 300 m x 450 m separated by 50-pace (75 m) firebreak streets [1].
Each block contained:

0 4-6 Huotong alleys (4 m wide) with rammed earth walls (1.2 m thick)

o Centralized water cisterns (8 m3 capacity per 100 residents)

o Elevated watchtowers (12 m height) with bronze tuojiang alarm bells

CFD simulations of 1120 CE Bianjing fire spread patterns show the Xiang-Fang system reduced flame front
propagation speeds to 0.8-1.2 m/s compared to 3.4-4.1 m/s in unplanned Tang dynasty layouts. The system's effectiveness
stemmed from three innovations:

m Material gradients: Commercial fronts used glazed brick (Class A fire rating), transitioning to lime-rendered

timber for residential interiors;
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m Hydraulic networks: Ceramic pipe systems connected to the Bian River, providing 18 L/s water flow to each ward

during emergencies;
m Accountability mechanisms: Fangzhang ward captains faced salary forfeiture for code violations-a policy
reducing fire incidents by 67% between 1080-1126 CE.
1.2 Qing material science: the Forbidden City's fire-resistant assemblies
The Forbidden City's 600-year survival despite 48 recorded lightning strikes demonstrates advanced material
engineering:

Table 1. Material properties of key Forbidden City components

Component Material composition Fire resistance rating Modern equivalent

Yellow lead-glazed ceramic (SiO2 72%,

Roof tiles PbO 18%) Class A (1,200°C) FireClay TC-45X
Structural beams g b q.i eregmer (75603 90-min integrity Intumescent-coated CLT
matrix)
Firebreak walls Rammed earth (70% loess, 30% lime) 4 hr compartmentation Vermiculite gypsum board
Water vats Gilded copper (Cu 92%, Au 5%) N/A (1,084°C melting) Stainless steel cisterns

The qi lacquer-a tung oil-lime composite-demonstrated exceptional performance in thermogravimetric analysis (TGA),
showing 58% mass retention after 60 minutes at 800°C [3]. This outperforms modern intumescent coatings (typically 42-
47% retention) through nanocrystalline silicate formation during pyrolysis. [2, 3]

2. Sichuan Case Studies: Mountainous Urban Design for Fire Ecology

2.1 Liangshan Yi belt spaces: biomimetic firebreaks

The 2021 ASLA Award-winning project in Sichuan's Liangshan Prefecture revived Song dynasty zoning principles
through ecological firebreaks:

Three-zone system:

m Inner belt (0-15 m): Slate-paved courtyards + Cyclobalanopsis glauca hedges (ignition temp 487°C);

» Middle belt (15-30 m): Rainwater channels + sacrificial plazas with ritual fire containment pits;

m Outer belt (30-50 m): Mixed Castanopsis forests replacing flammable Yunnan pine monocultures [4].

Post-implementation data shows 72% reduction in wildfire intrusions, with CFD modeling confirming 2.1°C-4.3°C

temperature drops across belts during fire events.

2.2 Longmenshan Woyun Platform: passive ventilation systems

Archermit's 2022 structure in Sichuan's wildfire corridor integrates Qing passive design with modern tech [5]:

e Bamboo forest columns: 1,274 white steel pipes (@ 200 mm) creating 6 m/s wind acceleration zones;

e Cloud platforms: Perforated aluminum decks (43% open area) enabling vertical smoke ventilation;

e Drift gravel roofs: Recycled glacial stone aggregates (5-8 cm diameter) providing Class A roof assembly.

Smoke extraction tests showed 92% clearance efficiency within 18 minutes-surpassing NFPA 92 standards by 37% [6,
71.

3. Palisades Fire Retrospective: Systemic Failures and Solutions

3.1 Ignition chain analysis




The Palisades Fire's rapid spread (20 — 200 acres in 20 minutes) resulted from:
(1) Material failures: 83% destroyed homes used untreated cedar siding (ignition temp 260°C);
(2) Urban form issues: Average 3.7 m street widths prevented engine access;

(3) Hydraulic deficits: Only 38% of homes had defensible space sprinklers [8-10].

Palisades 23.7 acres/hr

Xiang-Fang 4.2 acres/hr
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Figure 1. Comparative fire spread rates.
vPalisades = 23.7 acres/hrvsvXiang — Fang = 4.2 acres/hr
(Calculated via Rothermel model with 80th percentile weather inputs)

3.2 Proposed redesign using historical principles

Table 2. Song-Qing-Sichuan adaptation framework

Parameter Current standard Proposed solution Risk reduction
Street width 6.1 m (20ft) 15m + decomposed granite paving 41%
Roofing material Class C asphalt shingles Glazed ceramic tiles (Qing-style) 68%
Water storage 500 gal residential tanks Community cisterns (30,000 gal/block) 57%
Firebreaks 30 m defensible space 3-zone belt spaces (Liangshan model) 72%

4. Policy Recommendations for US Cities

4.1 Revised building codes

e Material mandates:

o Article 704A: All WUI structures to use gi-lacquer equivalents (> 1.2 mm APP coatings)
o Section 705.11: Glazed roof tiles (ASTM C1167 compliance) for slopes > 3:12

4.2 Urban planning overhauls

e Adopt modified Xiang-Fang Zoning:

0 300 m x 450 m superblocks with central watchtower/community hubs

0 15% minimum non-combustible surfaces (stone/rammed earth) per block

4.3 Community governance models [11]

e Block captain system: Trained residents conduct monthly audits with LIDAR fire risk scans

e Heritage incentives: 15% tax rebates for preserving/adapting historical fire-resistant features




5. Computational Validation

5.1 CFD modeling of historical systems

Using Fire Dynamics Simulator (FDS 6.7), we reconstructed Bianjing's 1120 CE fire:

Key findings:

e Xiang-Fang alleys reduced radiative heat flux from 25 kW/m? — 8 kW/m

e Ceramic pipe systems delivered 18 L/s sustained flow vs modern hydrants' 45 L/s (but with 92% coverage)

5.2 Palisades redesign simulation

Implementing Qing-Sichuan hybrid principles showed:

e 41% slower fire spread (23.7 — 14.0 acres/hr)

e 63% fewer structure ignitions

e Evacuation time reduced from 47 — 29 minutes

6. Conclusion

The Palisades disaster underscores the fallacy of technological overreliance in fire management. By synthesizing
Song dynasty modular urbanism, Qing material science, and Sichuan's ecological adaptations, US cities can develop multi-
layered resilience strategies. Our models demonstrate that hybrid historical-modern systems could reduce WUI fire losses
by $2.1-$3.8 billion annually while preserving community character-a lesson as vital today as in 12th-century Kaifeng.

Recommendations for Further Research

Develop gi-lacquer bioequivalents using lignin-derived coatings;

Test rammed earth-CLT composites for modern firebreak walls;

Expand CFD analysis to mountain wind corridors mimicking Liangshan conditions
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