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early years of the Nguyen Dynasty, spanning the reigns of 

Gia Long, Minh Mang, and Thieu Tri (1802ï1847), a total 

of 45 years. Although this was not a long period, the 

Nguyen Dynasty successfully built hundreds of 

architectural structures, both large and small, catering to 

the court's needs for living, working, military purposes, 

and religious practices. 

This raises the question: Was there an advanced 

scientific and technological base in construction that 

enabled the Nguyen Dynasty to achieve this? If so, what 

architectural design methods were applied? And is it 

possible to identify these design methods, given that 

historical documents do not specifically address the 

technical aspects of architecture? 

In addition to studying the floor plan design methods of 

the Twin Buildings, the highest-ranking structures in the 

Imperial Palaces, this paper focuses on structure of the 

wooden frame and its design methods. This is considered a 

core issue in architectural construction. 

Accordingly, the hypothesis proposed is that there was 

once a proportional relationship between the platform and 

the wooden frame of the Imperial Palaces, facilitating 

efficient planning and construction, thereby enabling rapid 

and effective building processes, as mentioned earlier. 

Therefore, this paper aims to explore the proportional 

relationship between the height of the wooden frame of the 

Twin Buildings and their floor plans. From this, it seeks to 

determine the design method of the wooden frame for this 

type of heritage building, which is considered a case study 

representing the Imperial Palaces in Hue from the early 

19th century to the mid-20th century. 

The study methodology combines a series of approaches, 

including historical document study to trace the origins of 

architectural concepts as reflected through the system of 

terminology used, surveys of the remaining Twin 

Buildings to collect data for dimensional analysis, 

investigations into traditional design methods through 

interviews with traditional master carpenters, and 

processing the study results on floor plan design methods. 

This research seeks to redefine the design methods of the 

wooden frame of the Twin Buildings. 

1.2. Feature of Wooden Frame and Spartial 

Components of the Twin-Buildings Seen from 

Historic Documents 

The hand-sketched drawings recorded in the historic 

document include transversal longitude structure and 

transversal latitude structure (Figures 1-2) [2], which are 

explained below in both longitudinal and latitudinal 

sections of the Twin-Buildings. 

In combination with other literary references [3], the 

concepts written in Chinese characters related to the 

wooden structure, timbers, and spatial arrangements have 

been compiled in Table 1, which includes 33 terms. These 

terms are intended to provide a clear understanding of the 

architectural conception and components of the structure. 

Accordingly, the spatial components explained on the floor 

plan will be referred to as follows: the central compartment 

(hereafter A), the sub-compartment (hereafter B), the inner 

wing (hereafter C), and the outer wing (hereafter D) in the 

ridge direction (latitude). The drainage gutter (hereafter G), 

placed between the two buildings, unifies both interiors. 

The spatial area from the drainage gutter towards the front 

side of the building is defined as the front building, while 

the area from the drainage gutter towards the back side is 

defined as the main building. The big beam of the main 

building (hereafter E) and the big beam of the front 

building (hereafter F) are defined in the beam direction 

(longitude), along with the front/back upper-diagonal 

beams (hereafter H), front/back lower-diagonal beams 

(hereafter I), and the front/back corners and left/right 

corners (hereafter K) located at the four outermost corners 

(Figure 3). Additionally, the aforementioned A is officially 

defined as the central span, and E is defined as the big 

beam span of the main building [4]. 

  

Figure 1.  Transversal longitude structure                            Figure 2.  Transversal latitude structure 
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Table 1.  Statistics of the Terminologies according to historical documents 

No. 
Terminologies 

Sources 
Vietnamese Character origins English 

1 ņӴi Trֱ  Big Column 

Cabinet of Nguyen 

Dynasty, ,

 (Dien Duong Danh 

Hieu Do Thuc, Cong Bo 

Ministry of Construction). 

2 Trung Trֱ Ҭ  Medium Column 

3 TiԜu Trֱ  Small Column 

4 Giao Giá ֜  Upper Structure of Main Building 

5 Tr½ng Hoa Trֱ Gi§  Upper Structure of Front Building 

6 Thַa LҼu Gi§  Structure of Drainage Gutter 

7 LҼҺng Gi§  Transversal Wooden Structure 

8 Khuynh Giá Ἂ  Diagonal Beam 

9 Trính   Big Beam 

10 Xuyên   Main-Tie Beam 

11 X¨ ThҼ֯ng ҉  Head-Tie Beam 

12 Xà Trung Ҭ  Neck-Tie Beam 

13 X¨ HӴ Ҋ  Lower-Tie Beam 

14 Chính Trung Gian Ҭ  Central Compartment 

National Department of 

History of Nguyen 

Dynasty, ῖ
Ԋᶛ  (Kham Dinh 

Dai Nam Hoi Dien Su Le 

Chinh Bien), 

ῖԊᶛ  (Kham Dinh 

Dai Nam Hoi Dien Su Le 

Tuc Bien), and  

(Dai Nam Thuc Luc). 

15 Thֵ Gian  Sub-Compartment 

16 N֥i SҼҺng ῤ  Inter Wing 

17 NgoӴi SҼҺng  Exter Wing 

18 Thַa LҼu  Drainage Gutter 

19 TiԚn Doanh ╠  Front Building 

20 Chính Doanh  Main Building 

21 Ch²nh Doanh LҼҺng T©m  Big Beam of Main Building 

22 TiԚn Doanh LҼҺng T©m ╠  big beam of Front Building 

23 TiԚn HԀu ThҼ֯ng Khuynh ╠ ҉Ἂ Front/Back Upper-Diagonal Beams 

24 TiԚn HԀu HӴ Khuynh ╠ ҊἊ Front/Back Lower-Diagonal Beams 

25 TiԚn HԀu QuyԒt ╠  Front/Back Corners 

26 TӶ Hֻu QuyԒt  Left/Right Corners 

27 ChӸn T©m  Central-Span 

28 LҼҺng T©m  Big Beam-Span 

29 M֥c Gi§  Wooden Frame 

30 Ch²nh M֥c Gi§  Core-Structure of Wooden Frame 

31 LҼҺng Gi§  Longitudinal Transverse Structures 

32 ThҼ֩ng LҼu Gi§  Structure of Drainage Gutter 

33 C֡ Di°m B²ch  Neck-Wall 
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Figure 3.  Illustrated drawing of spatial concepts on floor-plan of the Twin-Buildings (Drawing of Sung An Dien Temple) 

1.3. Components of the Wooden Frame 

The wooden frame of the Twin Building is composed of 

big columns, medium columns, and small columns. The 

upper parts of the big columns are connected by big beams, 

tie beams, and diagonal beams, which are placed 

diagonally from the tops of the medium columns toward 

the ridge beam of the main building, from the tops of the 

small columns toward the big columns of the front building, 

and from the tops of the small columns toward the medium 

columns of the main building. Furthermore, the upper 

structure of the front building is supported by the big 

beams of the front building, while the upper structure of the 

main building is supported by the big beams of the main 

building. 

On the outermost four sides of the Twin Buildings 

(front/back lower diagonal beams and left/right wings), the 

lower diagonal beams connect the small columns to the big 

columns in the front building and to the medium columns 

in the main building (Figures 4-7). 

The above components of the wooden frame are secured 

by connecting the tops of the columns with penetrating 

main tie beams, head tie beams, neck tie beams, and lower 

tie beams. Deformation is mitigated by filling the gaps with 

transoms and wooden panels. The roof tiles are supported 

by purlins and rafters, which are regularly laid along the 

diagonal beams from the top to the end. Additionally, a 

ceiling is placed at mid-height in the main building to 

divide the space into upper and lower sections. 

1.4. Specifics of the Wooden Frame 

Firstly, the core structure of the wooden frame is 

positioned at the central axis of the front building and main 

building (Figure 3). It is composed of four main timbers: 

column, diagonal beam, tie beam, and big beam. These 

include four columns, four diagonal beams, two main tie 

beams, and two big beams. The connection between the 

columns and big beams forms a horizontal linkage 

(longitudinally), the connection between the columns and 

main tie beams creates a vertical linkage (latitudinally), 

and the connection between the columns and diagonal 

beams forms a diagonal linkage (following the roof pitch). 

These main timbers are joined together using a system 

known as ñMong,ò which integrates them into a unified 

core-wooden frame. 

Secondly, each longitudinal transverse structure acts as a 

construction unit, arranged in parallel along the 

longitudinal axis to create horizontal linkages. These 

longitudinal transverse structures are interconnected 

latitudinally by the main tie beams, head tie beams, and 

lower tie beams, forming compartments that are 

symmetrically arranged on both the left and right sides of 

the longitudinal symmetry axis at the center of the 

building. 

Thirdly, the linkage between columns and diagonal 

beams is commonly utilized and plays a crucial role in 

forming the complete wooden frame. The technical origin 

of the diagonal beam remains unclear, but based on the 

expertise and experience of skilled master carpenters, it is 

evident that diagonal beams have been in use for a long 

time. The diagonal beams connect two or three columns 

(large, medium, and/or small) at their tops, and their slope 

corresponds to the roof pitch. 
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Figure 4.  Illustrated drawing of timber components on transversal longitude structure (Drawing of Sung An Dien Temple) 

 

Figure 5.  Illustrated drawing of timber components on transversal latitude structure (Drawing of Sung An Dien Temple) 

  

Figure 6.  Wooden frame of front building (Thai Hoa Dien Palace)   Figure 7.  Wooden frame of main building (Thai Hoa Dien Palace) 

Fourthly, the drainage gutter structure is unique to the 

Twin Buildings. This feature was developed to meet the 

need for expanded interior space and increased 

architectural scale without raising the buildingôs height. 

The drainage gutter structure connects the wooden frames 

of the front building and main building, creating a unified 

architectural interior space. Given its relatively recent 

origin, this structure is less advanced, often weak, and 

prone to damage. 

Fifthly, the wooden frame has sufficient load-bearing 

capacity to support its own weight and the weight of the 

roof tiles. The total dead weight of the building is evenly 
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transferred straight down to the platform through the 

columns. The bases of the columns rest directly on the 

upper surfaces of the foundation stones without any 

additional linkage. It is evident that the dead weight of the 

building generates enough friction to keep the wooden 

frame stable and in its designed position. 

Based on the specifics above, the wooden frame of the 

Twin Buildings is flexible enough to allow partial 

restoration or modification. It can also be disassembled, 

reassembled, or relocated for reuse in other locations. 

2. Materials and Methods 

2.1. Analyzing Targeted Buildings 

Table 2 shows a list of Twin-Buildings that were 

subjects of the measuring survey. These include five main 

Imperial Palaces (abbreviated as the Palaces), four 

Imperial Shrines (abbreviated as the Shrines) located 

within the Imperial City and the Citadel, and five 

Mausoleum Temples (abbreviated as the Temples) located 

at the Imperial Mausoleum complex. Among the Palaces, 

Shrines, and Temples, Can Thanh Dien Palace, Can Chanh 

Dien Palace, Thai To Mieu Shrine, and Phung Tien Mieu 

Shrine have lost their wooden structures and roofs (only 

the ruins of their platforms remain), while the wooden 

structures and roofs of the others are still intact. We will 

refer to the three types of Palaces, Shrines, and Temples 

collectively as the Twin-Buildings and will analyze a total 

of 10 wooden frames based on the results of the measuring 

surveys (Figures 8-17). 

We conducted a transverse cross-section measuring 

survey of column spacing in the 10 wooden frames 

mentioned above, and obtained center-to-center 

measurements between column bases and big beams, as 

well as the heights of each element. For the four buildings 

where only the platform remains, we analyzed the 

center-to-center measurements of their basement stones. 

2.2. Measurement Methods 

Identifying the specific unit of measurement used in the 

construction of the buildings should be a priority concern 

in restoration design. It was not uncommon for different 

buildings to be constructed according to different 

measurements, so a 'building-specific measure' should be 

determined for each structure. In this study, we will 

estimate building-specific measures primarily based on the 

analysis of the floor plans and transverse cross-sections of 

the aforementioned Twin-Buildings. Before proceeding, 

let us first examine the specific units of measurement used 

during the Nguyen dynasty. 

Table 2.  List of targeted buildings 

 

Note: remaining (X), lost (O) 

  

Figure 8.  Thai Hoa Dien Palace (Hue Imperial City)                      Figure 9.  Long An Dien Palace (Hue Citadel) 
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Figure 10.  Dien Tho Chinh Dien Palace (Hue Imperial City)   Figure 11.  The To Mieu Shrine (Hue Imperial City) 

  

Figure 12.  Trieu To Mieu Shrine (Hue Imperial City)                Figure 13.  Minh Thanh Dien Temple (Thien Tho Mausoleum) 

  

Figure 14.  Sung An Dien Temple (Hieu Mausoleum)              Figure 15.  Bieu Duc Dien Temple (Xuong Mausoleum) 

  

Figure 16.  Hoa Khiem Dien Temple (Khiem Mausoleum)           Figure 17.  Luong Khiem Dien Temple (Khiem Mausoleum) 

2.3. Units for Analyzing 

Several items provide references to the official 

measurement units used during the Nguyen dynasty, which 

are preserved in museums in Vietnam. As mentioned in 

previous studies [5], the official measurement units of the 

Nguyen dynasty were available in various types for 

different applications. Among them, the 'Quan Moc Xich' 

ruler ( ) and the 'Lo Ban Xich' ruler ( ) were 

used for the construction of buildings. The measurements 

are based on either a decimal or octal number system, 

although it seems unlikely that the two number systems 
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were used separately in different situations [6], [7]. 

Accordingly, we will assume that the 'Quan Moc Xich' 

ruler = 424 ~ 428mm/unit (abbreviated as the Large Ruler) 

and the 'Lo Ban Xich' ruler = 382 ~ 384mm/unit 

(abbreviated as the Small Ruler) were used during the early 

periods of the Nguyen dynasty. 

3. Study Results 

3.1. Baselines of the Design 

3.1.1. Rehabilitation of the "Muc Dat" 1/1 Scale Drawings 

Before reconstructing the original designed procedure 

and design method based on actual measuring results, it is 

necessary to replicate the reference line, or the design 

reference lines. The carpenters involved in the restoration 

work of the Monuments, who are knowledgeable in 

traditional techniques, utilize a design reference line 

system called 'Muc Dat' (a 1:1 scale ink line drawn on the 

ground). We also refer to it appropriately in the analysis 

presented in this study. Hardly any traces of design 

reference lines have been found in the buildings that still 

exist today, except for an element on the underside of the 

roof of the Thai Hoa Dien Palace, which shows a line made 

in ink. Although it is difficult to determine whether the line 

was made during the initial construction or a later 

restoration, it is highly likely that it represents the design 

method used in ancient times. 

When designing the wooden frame, both horizontal and 

vertical reference lines are needed for aligning the 

components. Particularly important are: the Reference 

Design Horizontal Line (1), the Line of the Top-End Edge 

of the Lower Roof (2), the Line of the Floor Plan Surface 

(3), the Reference Design Vertical Line(4), the Main 

Building Big-Beam Center Line (5), the Front Building 

Big-Beam Center Line (6), the Drainage Gutter-Beam 

Center Line (7), the Column Center Line (8), the Main 

Building Upper-Roof Pitch Line (9), the Front Building 

Upper-Roof Pitch Line (10), the Front/Back Lower-Roof 

Pitch Line (11), and the Total Height of the Main Building 

(12). The way these lines are set and intersect determines 

the length and height of each component (Figure 18). 

3.1.2. Designing Reference Horizontal Lines 

The span of columns differs between the top and bottom 

due to the inward inclination of the columns in the beam 

direction. Therefore, the first issue is determining what the 

span is based on. Since there is no structural element 

connecting the column bases in the beam direction and the 

wooden frame is primarily supported by diagonal beams, it 

can be reasonably assumed that the span between columns 

is determined at the top of the columns. Additionally, if we 

consider the measuring diagram from the perspective that 

the wooden frame was designed with consideration of the 

heights of the front building and main building in the beam 

direction, it is natural to assume that the reference line for 

spans in the beam direction is, in principle, the line 

connecting the bottom of the big column head tie beams in 

the front building and the top of the medium column head 

tie beams in the main building (Figure 18, no. 1). 

 

Figure 18.  Explained drawing of designing reference lines on transerve cross-section 
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In the majority of the '10 units Twin-Building' where the 

wooden structure still exists, the height of the center or 

bottom edge of the main tie beam is set at the point where 

the above-mentioned horizontal line intersects with the 

center of the big columns in the main building. Let us call 

this horizontal line the 'Designing Reference Horizontal 

Line for the Height of Elements in the Beam Direction' (L1, 

abbreviated as the Designing Horizontal Line). 

However, in the Luong Khiem Dien Temple, this line 

corresponds to the center of the medium column head tie 

beams in the main building, and in the Minh Thanh Dien 

Temple, it is roughly at the same height as the bottom of 

the medium column head tie beams in the main building. 

The big beams in the front building and the beams in the 

drainage gutter are set below the horizontal line, while the 

big beams and main tie beams in the main building are set 

above it. In the Minh Thanh Dien Temple only, the big 

beams in the main building are set above the horizontal line. 

The center line of the main tie beams is set so that it 

coincides with the point of intersection of the Designing 

Horizontal Line and the center lines of the big columns in 

the main building, and likely provides the Designing 

Horizontal Line for column spans in the ridge direction. 

In the traditional design method of the Vietnamese, the 

Designing Horizontal Line in the beam direction is 

considered important as the line that passes through the 

center line of the big beams. Three options for this line are 

used separately, in accordance with the size of the structure. 

Option 1, called 'Muc Gac' (the line passing through the top 

edge of the purlins), Option 2, called 'Muc Chen' (the line 

passing through the top edge of the head tie beams and the 

bottom edge of the purlins), and Option 3, called 'Muc Lon' 

(the line passing through the bottom edge of the head tie 

beams) (Figure 19). 

Based on the analysis, Option 2 is used as the main 

reference line [8], while Option 1 and Option 3 are used 

optionally to make adjustments according to column spans 

and height. For the Twin-Buildings, the Designing 

Horizontal Line in the beam direction would correspond to 

Option 2 in the main building and to Option 3 in the front 

building. The height of this Designing Horizontal Line 

from the surface of the floor plan was likely specified 

arbitrarily for each building (Table 3, Figures 20-21). 

 

Figure 19.  Three options of Designing Horizontal Line 

Table 3.  Height of the Designing Horizontal Lines 
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Figure 20.  Designing Horizontal Lines of the Palaces and Shrines 
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Figure 21.  Designing Horizontal Lines of the Temples 



 Civil Engineering and Architecture 13(3): 1570-1596, 2025 1581 

 

3.1.3. Designing Reference Vertical Lines 

As mentioned earlier, the wooden frame in the beam 

direction was constructed by first establishing the span of E, 

which was then used as a reference for sequentially 

establishing the spans of F, H, G, and I. It is assumed that 

the spans established based on E were applied along the 

Designing Horizontal Line in the beam direction, with lines 

extended vertically downward from them, and inclinations 

added at the bottom of the columns (Figure 18, no. 4). 

Accordingly, in the ridge direction, the Designing 

Reference Vertical Lines for column spans are also 

important. The distance between two vertical lines creates 

the spatial compartments, and a group of them defines the 

column rows. Let us call these vertical lines the 'Designing 

Reference Vertical Lines for Column Spans in the Beam 

and Ridge Direction' (abbreviated as the Designing 

Vertical Lines). 

3.2. Proposed Design Principles of the Wooden Frames 

3.2.1. Vertical Position Relationship between Big Beam 

and Main Tie Beam in the Main Building 

Basically speaking, none of the Twin-Buildings show a 

proportional relationship between column height and 

column span in the main building. However, as will be 

discussed later, a certain relationship exists between the 

column spans in the ridge direction and the height of the 

top edge of the lower roof (and possibly also the height of 

the main building ceiling). The height from the Designing 

Horizontal Line to the top of the big column head tie beam, 

as well as the distance from the Designing Horizontal Line 

to the center line of the big beam, is commonly designed 

using concrete measurements. One of these measurements 

must have been arbitrarily established first. Additionally, 

the position of the center line of the main tie beam is such 

that the height below the center line of the big beam ranges 

from 1 unit to 1.8 units. As an exception, in the Sung An 

Dien Temple, the center line of the main tie beam is 0.1 

unit higher than the center line of the big beam (Table 4). 

From the above, it is clear that the three aforementioned 

options for the Designing Horizontal Line served an 

important purpose: 

1) Marking the position for establishing column spans in 

the beam direction, and also providing a reference for 

establishing the height of elements. 

2) Marking the design position of column spans in the 

ridge direction, and naturally providing the point of 

origin for the inclination of the outermost frame in the 

ridge direction. 

3) The column inclinations of the front building and 

main building originate from the Designing 

Horizontal Line, or from the Designing Vertical Lines 

extended downward from the point of intersection of 

the center lines of the big beam and big column in the 

main building. 

3.2.2. Design Method of the Front Building 

The height of the big columns in the front building is 

equal to the Designing Horizontal Line plus the thickness 

of a head tie beam. The thickness of the big column head 

tie beams in the front building, as well as the big column 

and medium column head tie beams in the main building, 

ranges from 0.4 units to 0.6 units. In the Bieu Duc Dien 

Temple, however, the thickness in the main building is 

0.25 units (smaller than all the others). The distance from 

the Designing Horizontal Line to the center line of the big 

beam in the front building ranges from 1.2 units to 1.8 units, 

or the distance to the lower edge of the big beam ranges 

from 1.1 units to 2.2 units. Meanwhile, the height from the 

center line of the big beam in the front building to the 

surface of the floor plan, established by actual 

measurement, ranges from 9.3 units to 13.8 units, or the 

height to the lower edge of the big beam ranges from 11 

units to 13 units. One of these actual measurements must 

have been arbitrarily established first (Table 5). As in the 

main building, column inclinations in the front building 

also originate from the point where the center lines of the 

big beam and big columns intersect. 

Table 4.  Relationship between the height of big beam and main tie beam in main building 
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Table 5.  Relationship between the height of Designing Horizontal Line and big beam in front building 

 

 

3.2.3. Designing Method of the Drainage Gutter 

The height of the ceiling in the drainage gutter, which 

corresponds to the position of the drainage gutter in the 

valley of the front building and main building roofs, is 

naturally lower than the main building ceiling. The point 

where the center line of the beams in the drainage gutter 

intersects with the medium column center line is not the 

point of origin for column inclinations, but it is possibly 

established based on the height of the lower tie beams. In 

the relevant Twin-Buildings, the height of the beams in the 

drainage gutter is roughly the same as the center or top of 

the lower tie beams. The position of the structure of the 

drainage gutter falls within the height range of the lower tie 

beams and the main building ceiling (Figure 22). The lower 

edge of the beams in the drainage gutter is aligned with the 

third or fourth purlin from the top of the lower roofs, or the 

center of the big beams in the drainage gutter is aligned 

with the fourth or fifth purlin. 

3.2.4. Relations between Head-Tie Beams, Neck-Tie 

Beams and Lower-Tie Beams of the Front Building 

The columns are all connected to each other in the ridge 

direction by head-tie beams, which support the load of the 

purlins. However, only the big columns in the front 

building are extended a certain length above the top of 

these tie beams to directly support the purlins, and the 

heights of the columns are not all the same. In the main 

building, the point where the outer line of the diagonal 

beams, or the roof pitch line, intersects with the center of 

the column top is the designed height of the columns and 

also the designed height of the top of the head-tie beams. It 

seems that the heights of the neck and lower tie beams were 

established according to the distance from this height 

(Figure 23). In the front building, the distance from the top 

of the head-tie beam to the bottom of the neck-tie beam 

ranges from 2.4 to 2.6 units; the distance from the top of the 

head-tie beam to the center of the neck-tie beam is 2 units; 

and the distance from the top of the head-tie beam to the 

top of the neck-tie beam ranges from 2 units to 2.1 units 

(Table 6). 

A transom is installed between each of the tie beams, 

and the distance from the top of the head-tie beam to the 

neck-tie beam in each Twin-Building is about half the 

distance from the top of the head-tie beam to the lower-tie 

beam. This distance ranges from 3.8 units to 4.4 units (in 

the Temples) or from 4.1 units to 5 units (in the Palaces and 

Shrines). In the majority of the Twin-Buildings, the height 

of the lower-tie beam in both the front building and main 

building is the same. However, in the Thai Hoa Dien 

Palace, it is lower than in the others, measuring 10.4 units 

from the top of the head-tie beam of the big columns to the 

bottom of the lower-tie beam. This was probably because a 

throne had been installed between the big columns in the 

center of the Thai Hoa Dien Palace, and the thickness of the 

transom located behind it was adjusted accordingly. 

3.2.5. Relations between the Height of Front Building and 

Main Building in Transerve Cross-Section 

The height of the neck-tie beam in the front building and 

the ceiling beam in the main building is important in the 

relationship between the height of the front building and 

the main building, in terms of the buildingôs transverse 

cross-section. In the majority of the Twin-Buildings, the 

neck-tie beam in the front building is roughly the same 

height as the ceiling beam in the main building. In the 

Twin-Buildings inside the Imperial City, it is roughly the 

same height as the big beam in the front building (Table 7). 

In the Thai Hoa Dien Palace and the The To Mieu Shrine, 

which are located inside the Imperial City, the Designing 

Horizontal Line in the beam direction is at the same height 

(both 15.2 units), and the height of the big beam in the front 

building is also extremely similar (the height of the center 

line of the big beam in the TheTo Mieu Shrine front 

building = the height of the bottom of the big beam in the 

Thai Hoa Dien Palace front building = 13.4 units). The 

ceiling beam in the Thai Hoa Dien Palace is 0.7 units lower 

than that in the The To Mieu Shrine, but the height of the 

ceiling beam component is the same (both 0.3 units). These 
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relationships between the height of the Designing 

Horizontal Line, the height of the big beam and neck-tie 

beam in the front building, and the ceiling beam in the main 

building are related to the scale of the architecture. 

 

Figure 22.  Position and components of drainage gutter-structure 

 

Figure 23.  Positional relation among the tie beams 

Table 6.  Relationship among the height of head-tie beam, neck-tie beam and lower-tie beam 
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Table 7.  Relationship between the height of neck-tie beam in front building and ceiling in main building 

 

 

Figure 24.  The neck-wall and its relation to height of lower roof 

3.2.6. Relations between the Height of the Lower Roof (h) 

and the Height of Ceiling (L2) in the Main Building 

There is a neck-wall in the space between the top-end 

edge of the lower roof and the Designing Horizontal Line 

on the outer side, and its height is an important element in 

the elevation-front view of the building (Figure 24). Its 

height appears to be specifically established in relation to 

the Designing Horizontal Line, ranging from 1.7 units to 

3.3 units (Table 8). In the Temples, where the front 

building is 5 to 7 spans wide (in the ridge direction), the 

height of the neck-wall is 1.92 units on average. In contrast, 

in the Palaces and Shrines, where the front building is 7 to 

11 spans wide, the average height is 2.5 units. The 

neck-wall becomes taller in accordance with the wider 

scale of the building in the ridge direction and was 

probably designed with consideration for the 

elevation-front view of the building to maintain aesthetic 

harmony. 

Additionally, the top-end edge of the lower roof (the top 

of the diagonal beam or the bottom of the rafters) is 

roughly the same height as the ceiling beam in the main 

building. The height from the surface of the floor plan to 

the top of the head-tie beam of the small columns, which 

provides a reference for the bottom-end edge of the lower 

roof, ranges from 6.8 units to 9.3 units. 
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Table 8.  Height of the neck-walls 

 
 

3.2.7. Relations between Column Spans and the Height of 

Lower Roof 

In relation to the elevation-front view, the column spans 

in the ridge direction (central-span A or sub-span B) and 

the top-end edge of the lower roof, or the height of the main 

building ceiling, which is roughly the same height as the 

top-end edge of the lower roof, seem to be closely related 

to each other. In fact, the span of A in the Minh Thanh Dien 

Temple is equal to the height of the top-end edge of the 

lower roof = 9 units (Tables 8-9; Figure 25), and the span 

of B in the Thai Hoa Dien Palace is equal to the height of 

the top-end edge of the lower roof or the bottom of the 

ceiling beam in the main building = 12.3 units (Tables 8-9; 

Figure 26). Both are among the earliest buildings built at 

the beginning of the Gia Long period. However, in the case 

of the The To Mieu Shrine and other Twin-Buildings, the 

span of A or B is not equal to the height of the lower roof 

(Tables 9-10; Figure 27). 

Thus, during the Gia Long period, the transverse 

cross-section was designed by first establishing the height 

of the lower roof based on the column spans (A or B), and 

then establishing the height of the Designing Horizontal 

Line secondarily to define the height of other elements. 

After the Gia Long period, however, the height of the lower 

roof may have been established based on the height of the 

Designing Horizontal Line instead. 

To explain this change, a plausible hypothesis is 

proposed: From the Minh Mang period onwards, the 

overall layout of the Hue Imperial City was stabilized, with 

the location and floor area of the buildings being 

predetermined. As a result, the height of the buildings may 

no longer have depended on the floor plan dimensions but 

was instead directly determined by the height of the 

Designing Horizontal Line. This phenomenon is also 

commonly seen today when the area of the construction 

site is fixed, and it becomes natural to base architectural 

design on height. In such cases, architectural projects tend 

to develop in height rather than in the expansion of floor 

area. 

In terms of the largest height in the beam direction, the 

height of the main building (L), measured from the surface 

of the floor plan or floor wooden board to the top of the 

ridge beam, tends to be twice the height of the ceiling beam 

(L2), or the height of the top-end edge of the lower roof (h). 

The distance (h1) from the big beam in the front building to 

the top of the front building ridge beam tends to be 1/2 of 

the height of the ceiling beam or/and the height of the 

top-end edge of the lower roofs. In the Long An Dien 

Palace only, the distance from the ceiling beam to the main 

building ridge beam is 3/4 of the height of the ceiling beam, 

and the distance from the center line of the big beam to the 

front building ridge beam is 1/2 of the height of the ceiling 

beam. 
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Table 9.  Relationship between height of lower roof and main building ceiling 

 

 

Figure 25.  Proportional analyzing on the transverse cross-section of Minh Thanh Dien temple 

 

Figure 26.  Proportional analyzing on the transverse cross-section of Thai Hoa Dien palace 
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Table 10.  Relationship between column span and height of lower roof 

 

 

Figure 27.  Proportional analyzing on the transverse cross-section of The To Mieu shrine 

The wooden frame of the Long An Dien Palace is a very 

special case for the following reasons: Firstly, this building 

was constructed during the Thieu Tri period, right after the 

construction policies implemented by Emperor Minh 

Mang took effect. As a result, the upper-roof pitch of this 

building is smaller than that of other Twin-Buildings, and 

the upper-roof pitch and lower-roof pitch appear to be the 

same. These unusual features of the roof pitch in the Long 

An Dien Palace will be explained more clearly in Table 12 

below. Secondly, this building was originally the main 

building of the Bao Dinh Cung residence, used for the 

resting of Emperor Thieu Tri. It was located on the 

northern side of the Imperial City and was later moved to 

its current location on the eastern side, near the Imperial 

City, during the Khai Dinh period [9]. It has been used as 

the imperial museum to this day, so there may have been 

many changes during the reconstruction work (Figure 20, 

Long An Dien Palace). 

3.2.8. Column Inclination 

Traditionally, the columns in the architecture are not 

designed to be perfectly vertical but instead have an 

inclination, according to a rule called ñThuong Thu ï Ha 

Thachò (which means the center-to-center distance of 

columns at the top is usually smaller than at the bottom, 

thus causing the column center line to have an inclination). 

This inclination is intended to reduce the pressure from the 

roof's weight, and perhaps also to achieve an aesthetic 

effect, which has been applied since ancient times in the 

East. Four types of column inclinations have been 

confirmed: inward inclination, traditionally called ñThach 

Noiò; outward inclination, called ñThach Ngoaiò; parallel 

inclination, called ñThach Dongò; and square-inward 

inclination, called ñThach Gu Dauò (Figure 28). 

Inward inclinations are found in the E and F spans; 

outward inclinations are seen in the G span (drainage 

gutter); parallel inclinations are found in the H span; and 

square inclinations are used in the columns at the corners of 

both the longitudinal and latitudinal directions. Column 

inclinations are sometimes regarded as a structural measure. 

The results of the measuring surveys show that the 

inclination width of the big columns in the main building is 

generally larger than in the front building, ranging from 0.1 

to 0.15 units in the front building and 0.15 to 0.25 units in 

the main building (Table 11). The ratio of column 

inclination width to column height falls within the range of 

0.8% ï 1.4%. 
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Figure 28.  Explained drawing of the column inclination on the transverse cross-section 

Table 11.  Column inclination on transverse cross-sections 
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3.2.9. Roof Pitch and Height of Ridge Beam 

The upper roof pitch of the main building is larger than 

that of the front building. The pitch of the lower roof is 

either the same as the corner of the upper roof of the front 

or main building (in the Palaces and Shrines), or it is 

smaller than or equal to the pitch of the upper roof of the 

main building (in the Temples). 

In analyzing how the roof pitch was established, 

dividing the height of the roof by the column span always 

produces a fraction in all of the Twin-Buildings, so this 

cannot be how the roof pitch was determined. According to 

the traditional construction technique of central Vietnam 

[10], the roof pitch was established using a triangular 

carpenterôs tool called ñThuoc Nachò (Figure 29). 

Applying this method to the survey results, the pitch of the 

upper roof of the main building ranges from 58% to 62%, 

and the pitch of the lower roof ranges from 42% to 46% 

(Tables 12-13). 

This method of establishing the roof pitch eliminates the 

need to establish the design height of the ridge beam. 

However, as discussed earlier, the height of the front 

building and main building ridge beams may have been 

determined based on the intended total height of the 

Twin-Buildings. In all of the Twin-Buildings, the 

difference between the roof pitches of the front building 

and main building, as well as the difference in roof pitch 

among each Twin-Building, likely stemmed from 

variations in the overall height plan. 

 

Figure 29.  Roof pitch established by using carpenterôs tool 

Table 12.  Roof pitch established by the ñThuoc Nachò triangle carpenterôs tool 

 

Table 13.  Roof pitch according to measurement results 
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4. Discussion on the Design Methods of 
the Wooden Frames 

As a result of the analysis of each Twin-Building in 

relation to the confirmed traditional design method of the 

central region of Vietnam, two design methods for the 

wooden frame have emerged, which can be explained 

through the design process of the transverse cross-section 

below. 

4.1. Early Design Method (Gia Long Period) 

4.1.1. First Step 

The height of the top-end edge of the lower roof is first 

established based on the dimension of span A or B, and 

then the scope of the lower structure is determined. By 

adding the height of the neck-wall to the top-end edge of 

the lower roof, in accordance with the scale of the 

elevation-front view of the building in the ridge direction, 

the height of the Designing Horizontal Line in the beam 

direction can be established concurrently. The spans E 

and/or F will be established from span A or B, then spans H, 

G, and I will be established based on E and F (Figure 30). 

4.1.2. Second Step 

Column spans are applied along the Designing 

Horizontal Line in the beam direction, and the Designing 

vertical lines are extended downward from them as 

reference lines for column inclinations. The height of the 

medium columns in the main building is set to be the same 

as the height of the Designing Horizontal Line, while the 

height of the big columns in the front building is that height 

plus the thickness of a head-tie beam. The Designing 

Horizontal Line corresponds to the aforementioned ñMuc 

Chenò (Option 2) in the main building and the ñMuc Lonò 

(Option 3) in the front building. The height of the entire 

building (the height of the ridge beam of the main building) 

is twice the height of the top-end edge of the lower roof. 

The position of the column bases is determined 

accordingly (Figure 31). 

 

Figure 30.  Estimated first step of early designing method (Gia Long period) 

 

Figure 31.  Estimated second step of early designing method (Gia Long period) 

 














