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The construction of Candi Borobudur stands as one of the most significant engineering and architectural
achievements of the first millennium. Situated in the Kedu Valley of Central Java, Indonesia, this colossal structure

is not merely a place of worship but a physical manifestation of complex Buddhist cosmology, advanced civil
engineering, and sophisticated mathematical planning. Attributed to the Sailendra Dynastyduring the peak of the
Mataram Kuno Kingdom (approximately 750—-850 CE), Borobudur serves as a bridge between the terrestrial and
the divine, utilizing over two million blocks of volcanic stone. This technical analysis explores the historical origins,
structural mechanics, and mathematical frameworks that allowed such a monument to withstand over a thousand
years of seismic activity and tropical weathering.

Historical Context: The Hegemony of the Sailendra Dynasty

The genesis of Borobudur is inextricably linked to the socio-political climate of 8th-century Java. Historical records,
though fragmented, point to King Samaratunggaas the primary patron who oversaw the completion of the
temple's construction. The Sailendra Dynasty, whose name translates to "Lords of the Mountains," were staunch
proponents of Mahayana Buddhism. Their reign was characterized by a synthesis of indigenous Javanese ancestor
worship and the high-concept philosophies of Indian Buddhism.

Unlike the Hindu-aligned Sanjaya Dynasty that coexisted in the region, the Sailendras utilized architectural scale to
project their spiritual and political authority. The building process is estimated to have spanned approximately 75 to
100 years, requiring a labor force that likely numbered in the thousands, including master stone masons (shilpins),
architects (vastu-shastris), and countless laborers. A notable historical figure associated with the temple is Atisha,

a Buddhist scholar from India who visited the monument in the 10th century, highlighting Borobudur’s status as a
global center for Buddhist learning three centuries before the rise of Angkor Wat in Cambodia.

The Legend of Gunadharma

Oral tradition and local folklore often attribute the design of Borobudur to a mythical architect named Gunadharma.
While historical evidence for his existence remains anecdotal, the architectural consistency of the monument
suggests a singular guiding vision—a master plan that integrated geometry, drainage, and iconographic narratives
into a cohesive whole. From a technical perspective, Gunadharma represents the peak of ancient Javanese
engineering expertise, capable of translating abstract Buddhist metaphysics into 55,000 cubic meters of andesite
stone.

Architectural Framework: The Mandala and the Three Realms

Borobudur is designed as a three-dimensional Mandala, a geometric diagram of the universe used in Buddhist
meditation. The structure’s layout follows a strict hierarchical progression from the square base to the circular
summit, representing the transition from the material world to the state of nirvana. This progression is categorized
into three distinct realms:



« Kamadhatu (The Realm of Desires): The base of the temple, which includes the "Hidden Base." This section
contains 160 relief panels illustrating the law of Karma (cause and effect) and human passions.

¢ Rupadhatu (The Realm of Forms): Comprising five square platforms, this realm signifies the transition where
humans begin to abandon worldly desires but are still bound by form and name. It features 432 Buddha statues
housed within open niches and miles of intricate narrative reliefs.

¢ Arupadhatu (The Realm of Formlessness): The summit consists of three circular platforms supporting 72
open-work stupas. Here, there are no narrative reliefs, signifying the purity of formlessness and the attainment of
enlightenment.

Table 1: Structural Breakdown of Borobudur's Levels



Realm Structural Form Symbolism Key Features

Kamadhatu Square Base (Hidden) Human Desire & Karma 160 Relief Panels
(Karmawibhangga)

Rupadhatu 5 Square Platforms Transition & Form Narrative Reliefs & Buddha
Niches

Arupadhatu 3 Circular Platforms Enlightenment 72 Perforated Stupas &
Main Stupa

Technical Analysis of Construction Mechanics

One of the most profound questions surrounding Borobudur is how it was constructed without the use of mortar or
cement. The solution lies in ancient Javanese interlocking stone techniques. The masons utilized dry-stone
masonry, where each block was meticulously carved to fit into its neighbor with surgical precision. This method
provided the structure with a degree of flexibility, allowing it to absorb the energy of seismic tremors—a vital feature
in the earthquake-prone region of Central Java.

The Four Core Stone-Joining Techniques

Research into the masonry of Borobudur reveals four primary techniques used to secure the andesite blocks:

1. T-Shaped Joints (Inden): Used primarily for horizontal stability, these joints prevent stones from sliding
laterally under pressure.

2. Dovetail Joints (Ekor Burung): A classic woodworking technique adapted for stone, where a wedge-shaped
protrusion on one stone fits into a corresponding notch on another, creating a high-tension bond.

3. L-Shaped Joints: Often used at corners and vertical intersections to ensure structural integrity at the edges
of the square platforms.

4. Step Joints: Utilized in the construction of the stupas and vaulted ceilings, allowing the weight to be
distributed evenly across the lower layers.

These techniques ensured that the 1.6 million blocks of volcanic rock (andesite and basalt) functioned as a single,
unified mass. The extraction of these materials was equally impressive, with stone being quarried from nearby
riverbeds and transported via rollers and levers to the construction site.

Mathematical Principles and Geometric Precision

The design of Borobudur is not arbitrary; it adheres to a specific unit of measurement known as the tala. A talais
defined by the length of a human face from the hairline to the tip of the chin. By using a human-centric unit of
measure, the architects ensured that the proportions of the temple felt harmonious to the observer.

The Concept of the Golden Ratio and Symmetry

Modern architectural surveys have noted that Borobudur exhibits a "fractal" geometry. Each small stupa is a
miniature reflection of the larger central stupa, and the square-to-circle transition follows a precise mathematical
ratio. The base of the temple is a perfect square measuring approximately 123 meters on each side. The height,
before the loss of the original chhatra(parasol), was designed to reflect specific cosmological numbers—most
notably the number 108, which is sacred in Buddhist and Hindu traditions.

Advanced Drainage Systems



Managing tropical rainfall was a critical engineering challenge. To prevent the massive weight of the stone from
causing the hill beneath to collapse (due to soil saturation), the architects designed an internal drainage system.
The temple features 100 Makara-shaped gargoyles(mythical water creatures) that act as waterspouts. These
gargoyles channel rainwater from the upper galleries through internal conduits, directing it away from the
foundation to prevent erosion and structural shifting.

Iconography and Narrative Reliefs: A Lithic Library

Borobudur is often called a "Stone Book." It contains 2,672 individual relief panels that, if laid end-to-end, would
stretch for over 6 kilometers. These reliefs serve a dual purpose: they are high-art aesthetic elements and
instructional tools for pilgrims performing Pradakshina (circumambulation).

Key Narrative Series

« Lalitavistara: This series depicts the life of Siddhartha Gautama from his birth to his attainment of
enlightenment. It is located on the main wall of the first gallery.

» Jataka and Avadana: These panels tell stories of the Buddha’s previous incarnations and other legendary
figures, emphasizing the virtues of self-sacrifice and compassion.

¢ Gandavyuha: Spanning the upper galleries, these reliefs depict Sudhana’s quest for ultimate truth, mirroring
the pilgrim's physical journey up the temple.
The technical execution of these reliefs is remarkable for its depth and detail. The carvers achieved a sense of

perspective and anatomical accuracy that was far ahead of its time, capturing everything from daily life in 8th-
century Java (ships, markets, flora, and fauna) to celestial depictions of gods and demons.

Rediscovery, Technical Failures, and Restoration

Following the decline of the Mataram Kingdom and the shift of power to East Java, Borobudur was abandoned and
subsequently covered by layers of volcanic ash from Mount Merapi and dense jungle growth. It remained hidden for
centuries until its "discovery" by Sir Thomas Stamford Rafflesin 1814. However, the rediscovery began a long
period of degradation as stones were looted and the structure was exposed to the elements without maintenance.

The Restoration Challenges

The most significant restoration effort took place between 1973 and 1983, a joint project between the Indonesian
government and UNESCO. This project was a masterpiece of modern civil engineering. The entire monument was
dismantled, stone by stone, to address a critical flaw: the "creeping" of the hill beneath the temple.

Table 2: Comparison of Restoration Methods



Feature Van Erp Restoration (1907-1911) UNESCO Restoration (1973-1983)

Primary Focus Aesthetics & Stupa Reconstruction Structural Stability & Drainage

Technology Basic Masonry & Photography Computer Mapping & Chemical
Treatment

Method Partial Dismantling Complete Dismantling (Anastylose)

Foundation Left as-is Reinforced with Concrete Slabs

Drainage Minimal improvement Integrated Internal Conduits

During the UNESCO restoration, engineers used computerized trackingto catalog over one million stones. To
prevent further erosion, they installed a hidden reinforced concrete foundation and a sophisticated waterproofing
layer between the stones and the earth mound. This modern intervention ensures that the "breathing” of the stone
remains controlled, preventing the accumulation of moisture that leads to moss and lichen growth (which
chemically degrades the andesite).

Comparison: Borobudur vs. Angkor Wat

While both are pinnacles of Southeast Asian architecture, they represent different engineering philosophies and
religious focuses. Borobudur was built as a solid stupa (a mound-like structure), whereas Angkor Wat was designed
as a temple-mountain with internal chambers and galleries.

Structural Analysis Comparison

¢ Mass: Borobudur is a solid mass surrounding a natural hill; Angkor Wat is a series of concentric enclosures.

* Material: Borobudur uses volcanic andesite; Angkor Wat primarily uses sandstone and laterite.

e Orientation: Borobudur is strictly aligned to the cardinal directions for the purpose of a spiritual climb; Angkor
Wat is oriented to the west, unique among Khmer temples, often associated with funerary symbolism.

« Joining: Borobudur relies on complex interlocking joints; Angkor Wat relies more heavily on the weight of
sandstone blocks and some mortar.

Maintenance Protocols and Modern Threats

Operating a site of this magnitude in the 21st century requires rigorous technical maintenance. The primary threats
today are environmental: volcanic ash from nearby Mount Merapi and the impact of mass tourism. Volcanic ash is
particularly dangerous because it is acidic and abrasive. When Merapi erupted in 2010, the temple was covered in
ash, requiring a specialized cleaning process using soft brushes and water to prevent the scarring of the reliefs.

Furthermore, the physical weight of millions of visitors causes "stone wear." Engineers now monitor the
compression of the stairs and floors. Recent conservation policies have introduced the use of Upanat(special
sandals made from pandanus leaves) for visitors, which reduce the friction and impact on the ancient stones,
demonstrating a blend of traditional materials and modern conservation science.

The Synthesis of Cultural and Engineering Heritage

Candi Borobudur is more than a historical relic; it is a profound testament to the technical capabilities of the 8th-
century Javanese people. Through the expert application of dry-stone masonry, hydraulic engineering, and



mathematical proportions, the Sailendra Dynasty created a structure that transcends its physical form. The
monument functions as a pedagogical tool, a cosmic map, and an engineering marvel that continues to offer
lessons in structural resilience and artistic devotion.

The preservation of Borobudur remains a global priority. As we utilize modern technologies—such as 3D laser
scanning and chemical analysis of stone weathering—we gain deeper insights into the original intentions of its
builders. The legacy of Borobudur lies in its ability to balance the weight of two million stones with the lightness of
spiritual aspiration, proving that even the most complex theological concepts can be given eternal form through the
precision of engineering. The temple remains a beacon of the Indo-Pacific's classical age, standing firm against the
passage of time, the elements, and the shifting sands of history.
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