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The study of Chinese architectural history underwent a radical transformation in the early 20th century, shifting

from speculative anecdotal accounts to a rigorous, scientific discipline. Central to this transformation was Liang
Ssu-ch'eng (1901-1972), often hailed as the father of modern Chinese architectural history. His seminal work, A
Pictorial History of Chinese Architecture: A Study of the Development of Its Structural System and the Evolution of
Its Types, remains a foundational text for scholars, engineers, and architects worldwide. This article provides an in-
depth technical analysis of the structural principles, evolutionary trajectories, and historical methodologies
established in this monumental study.

The Progenitor of Scientific Architectural Historiography

Before Liang Ssu-ch'eng’s systematic documentation, Chinese architecture was largely understood through the

lens of aesthetics or localized craftsmanship traditions, lacking a unified theoretical framework. Liang, educated at
the University of Pennsylvania and influenced by Western archaeological methods, returned to China to apply

these rigorous standards to the nation’s built heritage. Along with the Society for Research in Chinese
Architecture (SRCA), Liang embarked on extensive field surveys during a period of immense political instability,
discovering and documenting structures that had been forgotten for centuries.

The importance of A Pictorial History of Chinese Architecture lies in its focus on the structural systemrather than
merely surface ornamentation. Liang posited that the essence of Chinese architecture is found in its timber-frame
logic, a system that evolved over millennia to balance gravity, seismic forces, and functional space requirements.
This scientific approach allowed for the dating of ancient structures based on the proportions of their bracket sets
and the curvature of their roofs, effectively creating a "grammar" for Chinese architecture.

Core Theoretical Framework: The Timber-Frame Logic

At the heart of Liang's analysis is the Timber-Frame System, which differs fundamentally from the load-bearing
masonry traditions of the West. While Western architecture often relied on thick walls to support the roof, the
Chinese system utilized a skeleton of wooden columns and beams. This distinction meant that the walls in a
Chinese building were merely "curtains," providing enclosure but carrying no weight—a concept that predates the
modern steel-frame skyscraper by centuries.

The Modular Principle: Cai and Fen

Liang identified that the sophistication of Chinese architecture was underpinned by a sophisticated modular

system. As detailed in the 12th-century manual Yingzao Fashi (State Building Standards), every component of a
building was sized according to a base unit known as the Cai. The Cai was divided into Fen(parts), ensuring that
whether a building was a grand palace or a small pavilion, its proportions remained harmonious and structurally
sound.

e Cai: The height of a standard timber cross-section used in the bracket system.



¢ Fen: The unit of measurement (usually 1/15th of a Cai height) used to determine length, width, and spacing of
all structural members.
e Zhi: A secondary unit of measurement for depth.

The Support System: Taiji, Zhu, and Liang

A typical Chinese building is composed of three distinct horizontal layers:

1. The Platform (Taiji): A raised earthen or stone base that protects the timber from moisture and signifies the
building's rank.

2. The Column Network (Zhu): A grid of vertical posts that distribute the load to the platform.

3. The Roof Frame (Liang): A complex arrangement of horizontal beams and vertical struts that support the
massive weight of the tiled roof.

Technical Analysis of the Dougong (Bracket Set)

Perhaps the most critical structural innovation discussed in Liang’s work is the Dougong. These are interlocking
wooden brackets that join the columns to the roof frame. Beyond their decorative appeal, dougongserve as
essential mechanical dampers and load distributors.

Structural Mechanics of the Dougong

The dougong assembly consists of the Dou (a block) and the Gong (an arch-shaped arm). By stacking these
members, the system extends the eaves of the building outward, protecting the timber columns from rain.
Mechanically, the dougong acts as a flexible joint. During seismic activity, the friction between the many interlocking
parts of the dougongdissipates energy, allowing the building to sway without collapsing—a primary reason why
many ancient Chinese temples have survived centuries of earthquakes.

Evolutionary Phases of the Dougong



Dynasty / Era Structural Characteristics Proportion & Scale Functional Focus

Tang Dynasty (618-907) Massive, simple, and Large scale; 1:2 ratio. Primarily structural;
vigorous. Bracket sets are supports heavy eaves.
often half the height of the
column.

Evolution of Building Types: From Palaces to Pagodas

Liang's study categorizes the evolution of Chinese architecture not just chronologically, but typologically. He traces
how the structural system was adapted for different social and religious functions.

1. Palatial and Temple Architecture

The Hall (Dian) is the highest form of Chinese architecture. It utilizes the Tailiang(beam-on-post) system,
characterized by large spans and impressive heights. The evolution here moves from the robust simplicity of the
Tang to the intricate, nested structures of the Ming and Qing, as seen in the Forbidden City.

2. Pagodas: The Fusion of Masonry and Timber

One of the most fascinating technical sections of the book involves the analysis of pagodas. Liang observed that as
Buddhism spread, the Indian stupa was synthesized with the Chinese multi-storied timber pavilion. This led to two
main types:

e Timber Pagodas: Exemplified by the Ying-hsien Pagoda (Liao Dynasty), which is the oldest and tallest
wooden pagoda in the world. Its structure is a double-ring of columns joined by complex dougong.

¢ Masonry Pagodas: These often imitated timber forms in stone or brick, including carved "brackets" and
"columns" that served no structural purpose but maintained the aesthetic continuity of the timber tradition.
3.The P'ai-lou (Honorary Portals)

These freestanding structures represent the purest form of the dougongsystem, where the entire structure is
essentially a skeleton of posts and brackets, designed to withstand wind loads while displaying high-status
calligraphy and carvings.

Methodology: Scientific Documentation in the Field

Liang Ssu-ch'eng’s work was not merely theoretical; it was based on rigorous empirical data. His methodology
involved three core steps that are still used in heritage conservation today:

Step 1: Metric Surveying and Mapping

Using basic surveying tools, Liang and his team measured every dimension of a building. They produced plan
views, elevations, and most importantly, isometric cross-sections. These drawings revealed the internal structural
logic that was hidden from the naked eye.

Step 2: Analysis of Jointure

Liang paid meticulous attention to mortise and tenon joinery. He analyzed how different dynasties used specific
cuts (such as the 'dovetail' or 'hidden tenon’) to lock beams together. He found that the evolution of these joints
often dictated the longevity of the building.

Step 3. Comparative Literature Research

Liang correlated his physical findings with ancient texts like the Yingzao Fashi and the Qing-era Gongbu



Gongcheng Zuofa Zeli(Engineering Manual for the Board of Works). This allowed him to bridge the gap between
historical theory and physical reality.

The Discovery of Foguang Temple: A Case Study

One of the most famous episodes in Liang's career—detailed in the pictorial history—is the discovery of the Great
East Hall of Foguang Temple at Wutai Shan. Built in 857 AD during the Tang Dynasty, it was the oldest wooden
building known at the time. Liang used his technical knowledge of bracket systems to date the building even before
finding the inscription on a roof beam. The massive size of the dougongand the  simplicity of the beam
arrangement were tell-tale signs of Tang engineering that had been lost for a thousand years.

Structural Features of Foguang Temple



Feature Technical Specification Impact on Longevity

Eave Projection 4.4 meters beyond the column center. Protects timber base from weathering.

Technical Challenges and Troubleshooting in Historic Preservation

Liang's work provides a foundation for identifying failure modes in ancient timber structures. Based on his analysis,
modern engineers can address common structural issues:

1. Moisture and Fungal Decay

Failure Mode: Capillary action draws moisture into the base of the columns (Zhu-chu), leading to rot.Solution:
Implementation of stone plinths and ensuring the "drip line" of the eaves extends beyond the platform to keep the
area dry.

2. Roof Load Imbalance

Failure Mode: Heavy ceramic tiles can shift over centuries, placing uneven stress on the purlins.Solution: Regular
maintenance of the "clay layer" beneath the tiles and using the dougongflexibility to realign structural members
without total disassembly.

3. Seismic Displacement

Failure Mode: Extreme shaking can dislodge tenons from mortises if they are not properly pinned.Solution:Use
of modern non-invasive reinforcement (like internal carbon fiber pins) to secure joints while maintaining the original
movement capabilities of the timber frame.

Modern Implications and the Legacy of Liang Ssu-ch'eng

The legacy of A Pictorial History of Chinese Architecture extends far beyond the realm of history. In the 21st
century, Liang’s insights into modular construction and sustainable materialsare more relevant than ever. The
timber-frame system is inherently sustainable; it uses renewable resources and relies on gravity and precision
rather than chemical adhesives or high-carbon steel.

Furthermore, Liang’'s focus on the "grammar" of architecture influenced generations of modern architects who
sought to create a "New Chinese Style." By understanding the structural logic—rather than just copying the
outward appearance—architects can integrate traditional principles into contemporary designs that are both
culturally resonant and technologically advanced.

Liang Ssu-ch'eng’s work remains a testament to the power of scientific inquiry applied to cultural heritage. He did
not merely record what buildings looked like; he decoded how they functioned, why they survived, and how they
embodied the spirit of a civilization. For the technical writer or the practicing engineer, his pictorial history is not just
a book of the past, but a manual for understanding the timeless principles of structural integrity and architectural
beauty.
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