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early years of the Nguyen Dynasty, spanning the reignspbcessing the study results on floor plan design methods.

Gia Long, Minh Mang, and Thieu Tri (1802847), a total This research seeks to redefine the design methods of the

of 45 years. Although this was not a long period, th@ooden frame ofhe Twin Buildings.

Nguyen Dynasty successfully built hundreds of

architectural structuresoth large and small, catering 07 peat ure of Wo oSthearr tArad me and
the court's needs for living, working, military purposes, ¢ g mp o ncefn ttsh8 u T W idBierdgrso m

and religious practices. Hi storic Document s
This raises the question: Was there an advanced

scientific and technological base in construction that The hanesketched drawings recorded in the historic
enabled the Nguyen Dynasty to achighis? If so, what document include transversal longitude structure and
architectural design methods were applied? And is tiansversal latitude struoe Figures1-2) [2], which are
possible to identify these design methods, given thexplained below in both longitudinal and latitudinal
historical documents do not specifically address ttsections of the TwhBuildings.
technical aspects of architecture? In combination with other literary references [3], the
In addition to studying the floor plan dgs methods of concepts written in Chinese characters related to the
the Twin Buildings, the highesanking structures in the wooden structure, timbers, éduspatial arrangements have
Imperial Palaces, this paper focuses on structure of theen compiled in Table 1, which includg®terms. These
wooden frame and its design methods. This is consideretgams are intended to provide a clear understanding of the
core issue in architectural construction. architectural conception and components of the structure.
Accordingly, the hypothesiproposed is that there wasAccordingly, the spatial components explained orfltha
once a proportional relationship between the platform apthn will be referred to as follows: the central compartment
the wooden frame of the Imperial Palaces, facilitatingnereafter A), the subompartment (hereafter B), the inner
efficient planning and construction, thereby enabling rapiing (hereafter C), and the outer wing (hereafter D) in the
and effective building processes, as mentioned earligiflge direction (latitude). The drainage gutter (hereafter G),
Therefore, this paper aims to explore the proportionplacedbetween the two buildings, unifies both interiors.
relationship between the height of the wooden frame of thbe spatial area from the drainage gutter towards the front
Twin Buildings and their floor plans. From this, it seeks teide of the building is defined as the front building, while
determine the design method of the wooden frame for tiiwe area from the drainage gutter towards the back side is
type of heritagebuilding, whichis considered a case studydefined as the main bdihg. The big beam of the main
representing the Imperial Palaces in Hue from the eabyilding (hereafter E) and the big beam of the front
19th century to the mi@0Oth century. building (hereafter F) are defined in the beam direction
The study methodology combines a series of approacllesigitude), along with the front/back uppdiagonal
including historical document study to trace the origins dfeams (hereafter H), front/back lowdiagonal beams
architectural concepts as reflected through the system(loéreafer 1), and the front/back corners and left/right
terminology used, surveys of the remaining Twigorners (hereafter K) located at the four outermost corners
Buildings to collect data for dimsional analysis, (Figure 3). Additionally, the aforementioned A is officially
investigations into traditional design methods througtefined as the central span, and E is defined as the big
interviews with traditional master carpenters, andeam span of the main buildjf4].

Figure 1. Transversal longitude structure Figure 2. Transversal latitude structure
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Tabl &tlatistics of the Terminologies according t
Terminologies
No. Sources
Vietnamese Character origins English
1 |n4i Tr, Big Column
2 Trung Tr, T MediumColumn
3 Ti Wu Tr, Small Column
4 Giao Gia UpperStructure ofMain Building
5 Tr Y2ng Hoa Tr, UpperStructure offFront Building
6 | Th. a L€eu Gi § Structure ofDrainageGutter Cabinet of Nguyen
Dynasty, )
7 L€ehng Gi 8§ TransversalVoodenStructure (Dien Duong Dan
. N - Hieu Do Thuc, Cong Bo
8 Khuynh Gia A DiagonalBeam Ministry of Constructiol
9 Trih Big Beam
10 | Xuyé Main-Tie Beam
11 | X° Th+€ ng HeadTie Beam
12 | XaTrung T NeckTie Beam
13 | X° HY " LowerTie Beam
14 | Chih Trung Gian T CentralCompartment
15 | Th, Gi an Sub-Compartment
16 [N, i S<€hng p InterWing
17 | Ngo4di S<€hng Exter Wing
18 [ Th. a L<€u DrainageGutter
19 | Ti Qn Doanh 3 FrontBuilding
20 | Chih Doanh Main Building
21 |[Ch2nh Doanh | Big Beam ofMain Building NgtlonaIDepartment of
History of Nguyen
22 | Ti Qn Doanh L+ [ big beam ofFront Building Dynasty, v T
- " - H» (Kham Dinh
23 | Ti Qn Hdu The ,': 3 FrontBackUpperDiagonalBeams Dai Nam Hoi Dien Su Le
24 | Ti Qn Hdu HY K[ A FrontBackLowerDiagonalBeams | Chinh Bien) v
I H» (Kham Dinh
25 | Ti Qn Hdu Quy]J } Front/Back @rners Dai Nam Hoi Dien Su Le
. _ Tuc Bien) and v/
26 | TF H, u Quy/t Left/Right Corners (I;ai Nlam) Thuc Luc)
27 | Chbin Tom CentratSpan
28 |L€hng TOmM Big BeamSpan
29 | M, ¢ Gi § Wooden Frame
30 |Ch2nh M, ¢ Gi § Core-Structureof Wooden Frame
31 | L€hng Gi § LongitudinalTransverse Structures
322 |Th€ ng L€u Gi Structure of Drainage Gutter
33 |C° Di°m B2ch |1 Neck-Wall
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Figure 3. lllustrated drawing of spatial concepts on flgman of theTwin-Buildings (Drawing of Sung An Dien Temple)

1.Bomponents of the Wood e posittoned atthe central axis of the front building and main

The wooden frame of the Twin Building is composed cQuilding (Eigure 3). Itis cqmposed of fo.ur main timbers:
big columns, medium columns, and small columns. THQIUMN, diagonal beam, tieeam, and big beam. These
upper parts of the big columneaonnected by big beams,'”C|Ude four colum_ns, four diagonal beam_s, two main tie
tie beams, and diagonal beams, which are placgams, and two_blg beams. The connection betvv_een the
diagonally from the tops of the medium columns towargPlumns and big beams forms a horizontal linkage
the ridge beam of the main building, from the tops of tHéongitudinally), the connection between the columns and
small columns toward the big columns of the front buildingain tie beamsreates a vertical linkage (latitudinally),
and fromthe tops of the small columns toward the mediu@nd the connection between the columns and diagonal
columns of the main building. Furthermore, the upp&eams forms a diagonal linkage (following the roof pitch).
structure of the front building is supported by the bighese main timbers are joined together using a system
beams of the front building, while the upper structure ofthen own as fiMong, 0 whi arifiedi nt egr
main building is supported by the bigams of the main corewooden frame.
building. Secondly, each longitudinal transverse structure acts as a

On the outermost four sides of the Twin Buildinggonstruction unit, arranged in parallel along the
(front/back lower diagonal beams and left/right wings), thengitudinal axis to create horizontal linkages. These
lower diagonal beams connect the small columns to the d@igitudinal transverse structures are interconnected
columns in the front building and to the medium columnatitudinaly by the main tie beams, head tie beams, and
in the main building (Figures-4). lower tie beams, forming compartments that are

The above components of the wooden frame are secuggthmetrically arranged on both the left and right sides of
by connecting the tops of the columns with penetratiffe |ongjtudinal symmetry axis at the center of the
main tie beams, head tie beams, neck tie beams, and |°B{ﬂfding.
tie beams. Deformation is mitigated byfiIIi_ng the gajithw Thirdly, the linkage between columns anégbnal
transoms and wooden panels. The roof tiles are supporied s is commonly utilized and plays a crucial role in
by purlins and rafters, which are regularly Ia'd.‘f?‘long tI"\"ta)rming the complete wooden frame. The technical origin
dla_lgona}l beams from t.he_top JFO the end.. Add_ltlpnally, St the diagonal beam remains unclear, but based on the
C?'!mg IS placed_ at miieight in the main building to expertise and experience of skilled master carpenters, it is
divide the space into per and lower sections. . . )

evident that diagondleams have been in use for a long
Specifics of the Wo o%ﬂg.ﬂTheFQira%orrhaLbeams connect_two or three c_olumns
arge, medium, and/or small) at their tops, and their slope
Firstly, the core structure of the wooden frame isorresponds to the roof pitch.

1. 4.
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Notes:
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Figure 4. lllustrated drawing of thber components on transversal longitude structure (Drawing of Sung An Dien Temple)

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

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

Fourthly, the drainage gutter structure is unique to tlaechitectural interior space. Given its relatively recent
Twin Buildings. This feature was developed to meet tharigin, this structure is less advanced, often weak, and
need for expanded interio space and increasedprone to damage.
architectural scal e wi t ho (ifthlyrtleiweadendrame has sufficient! lathdarng 6 s
The drainage gutter structure connects the wooden frangsepacity to support its own weight and the weight of the
of the front building and main building, creating a unifiedoof tiles. The total dead weight of the building is evenly
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transferredstraight down to the platform through thestructures and roofs of the others are still intact. We will
columns. The bases of the columns rest directly on thefer to the three types of Palaces, Shrines, and Temples
upper surfaces of the foundation stones without awcypllectively as the TwisBuildings and will analyze atal
additional linkage. It is evident that the dead weight of thef 10 wooden frames based on the results of the measuring
building generates enough friction to kedm twooden surveys (Figures-87).
frame stable and in its designed position. We conducted a transverse cresstion measuring
Based on the specifics above, the wooden frame of tilﬁvey of column spacing in the 10 wooden frames
Twin Buildings is flexible enough to allow partialmentioned above, and obtained cemtecenter
restoration or modification. It can also be disassemblqﬁeasurements betweenlwmn bases and b|g beamS, as

reassembled, or relocated for reusetirenlocations. well as the heights of each element. For the four buildings
where only the platform remains, we analyzed the
: centerto-center measurements of their basement stones.
2. Materials and Methods
2. 2. Measur ement Met hods

2.Anal yTzairngget ed Buil di ngs

Table 2 shows a list of TwiBuildings that were ldentifying the specific unit of meagement used in the
subjects of the measuring survey. These include five maignstruction of the buildings should be a priority concern
Imperial Palaces (abbreviated as the Palaces), fanrrestoration design. It was not uncommon for different
Imperial Shrines (abbreviated as the Shrines) locatedildings to be constructed according to different
within the Imperial City and the Citadel,n@ five measurements, so a 'buildisgecific measure' should be
Mausoleum Temples (abbreviated as the Temples) locatitermined dér each structure. In this study, we will
at the Imperial Mausoleum complex. Among the Palacesstimate buildingspecific measures primarily based on the
Shrines, and Temple§an Thanh DiefPalaceCan Chanh analysis of the floor plans and transverse csesdions of
Dien Palace,Thai To MieuShrine, and®hung Tien Mieu the aforementioned TwiBuildings. Before proceeding,
Shrine have lost their woodestructures and roofs (only let us first examine the specific undémeasurement used
the ruins of their platforms remain), while the woodeduring the Nguyen dynasty.

Tab2.dist of targeted buildings

. Name of buildings R Wooden&‘ Location Year of Sources
English Chinese |Platform frame Roofs Construction (Historic documents)
1 |Thai Hoa Dien palace p il X X X |Imperial Court 1805 F471205-18, #iE1-5
2 |Can Chanh Dien palace LNz X 6] O  |Forbiddent City 1811 H14205-10, &iE1-06
3 |Can Thanh Dien palace R X 0 O |Forbiddent City 1811 Fi51205-11, Hi£1-06
4 |Dien Tho Chinh Dien palace |4 55 IE 1 X X X  |Dien Tho Residence 1849 Hi4205-21
5 |Long An Dien palace 5575 X X X |Citadel 1845 Hi{5208-23
6 |Trieu To Mieu shrine HEFH X X X |Thai Mieu Residence 1814 Fi141207-03, F1208-06, HiE1-10
7 |Thai To Mieu shrine A AHLE X o] O |Thai Micu Residence 1803 Hi51207-04, Ji151208-06, i 51-08
8 | The To Mieu shrine HEAE X X X |The Mieu Residence 1821 Fi81207-06, F{7208-11, & & 1-09
9 |Phung Tien Mieu shrine ES ] X O (6] |Phung Tien Residence 1814 Hi45]207-08, SH{71208-14, 45 1-11 ‘
10 \Minh Thanh Dien temple A R I X X X |Thien Tho Mausoleum 1814 Hit5216-07, 20
11 |Sung An Dien temple S X X X  |Hieu Mausoleum 1841 Fif216-10, 21
12 |Bieu Duc Dien temple F R X X X  |Xuong Mausoleum 1847 4if4216-13, 30
13 |Hoa Khiem Dien temple 050 X X X Khiem Mausoleum 1864 it BE
14 |Luong Khiem Dien temple S8 1 X X X |Khiem Mausoleum 1864 i B8

Note: remaining (X), lost (O)

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

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

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)
2.8nitAnb&byzing Nguyen dynasty were available in various types for
different applications. Among them, the 'Quan Moc Xich'
Several items provide references to the officialler ( ) and the 'Lo Ban Xich' ruler ( ) were

measurement units used during the Nguyen dynasty, whigded for the construction of buildings. The measurements
are preserved in museums in Vietham. As mentioned are based on eithea decimal or octal number system,
previous studies [5], the official msurement units of the although it seems unlikely that the two number systems

mp e
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were used separately in different situations [6], [7Eomponents. Particularly importamtre: the Reference
Accordingly, we will assume that the 'Quan Moc XichDesign Horizontal Line (1), the Line of the T&md Edge
ruler = 424 ~ 428mm/unit (abbreviated as the Large Ruley) the Lower Roof (2), the Line of the Floor Plan Surface
and the 'Lo Ban Xich' ruler = 382 ~ 384mm/unit3), the Reference Design Vertical Line(4), the Main
(abbreviated as the Small Ruler) were used during the ealyilding Big-Beam Center Line (5), the Front Building
periods of the Nguyen dynasty. Big-Beam CenterLine (6), the Drainage Gutt&eam
Center Line (7), the Column Center Line (8), the Main
Building UpperRoof Pitch Line (9), the Front Building
3. Study Results UpperRoof Pitch Line (10), the Front/Back LowRoof
Pitch Line (11), and the Total Height of the Main Builglin
n (12). The way these lines are set and intersect determines
the length and height of each component (Figure 18).
3. 1Relhlaimit i on of /I8l a'l Mu (Dral‘aavii 'hzg S

Before reconstructing the original designed procedure | _
and design method based on actual measuring results, it §Ne Span of columns differs between the top and bottom

necessary to replicate the reference line, or the desgﬁ? to the inward inclination of the columim the beam
reference lines. The carpenters involved in the restoratigiiection. Therefore, the first issue is determining what the
work of the Monuments, who are dwledgeable in SPan is based on. Since there is no structural element
traditional techniques, utilize a design reference lirf@nnecting the column bases in the beam direction and the
system called 'Muc Dat' (a 1:1 scale ink line drawn on ti¢ooden frame is primarily supported by diagonal beams, it
ground). We also refer to it appropriately in the analysg&n be rasonably assumed that the span between columns
presented in this study. Hardly any traces of desidmdetermined at the top of the columns. Additionally, if we
reference ling have been found in the buildings that stigonsider the measuring diagram from the perspective that
exist today, except for an element on the underside of the wooden frame was designed with consideration of the
roof of the Thai Hoa Dien Palace, which shows a line mabieights of the front building andaim building in the beam
in ink. Although it is difficult to determine whether the linedirection, it is natural to assume that the reference line for
was made during the initial oetruction or a later spans in the beam direction is, in principle, the line
restoration, it is highly likely that it represents the desigtpnnecting the bottom of the big column head tie beams in
method used in ancient times. the front building and the top of the medium columnchea
When designing the wooden frame, both horizontal ati¢ beams in the main building (Figure 18, no. 1).
vertical reference lines are needed for aligning the

3.Baselines of the Desig

Designing Reference

o (F) S R N (E) AL T S
Fror}t eaves Front building Drainage gutter Main building Bgck eaves
Notes:
o Reference designing horizontal line ° Main building big-beam center line ° Main building upper-roof pitch line
0 Line of top-end edge of lower roof ° Front building big-beam center line o Front building upper-roof pitch line
° Line of surface of Floor-plan o Drainage gutter-beam center line o Front/Back lower-roof pitch line
o Reference designing vertical line ° Column center lines (Inclination line) G Total height of Main building

Figure 18 Explained drawing of designing reference lines on transerve-seasi®n
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In the majority of the '10 unifBwin-Building' where the Horizontal Line for column spans in the ridge direction.
wooden structure still exists, the height of the center orin thetraditional design method of the Vietnamese, the
bottom edge of the main tie beam is set at the point wh@esigning Horizontal Line in the beam direction is
the abovementioned horizontal line intersects with theonsidered important as the line that passes through the
center of the big columns in the main building. Let Uk casenter line of the big beams. Three options for this line are
this horizontal line the 'Designing Reference Horizontglsed separately, in accordance wiith size of the structure.
Line for the Height of Elements in the Beam Direction' (prtion 1, called 'Muc Gac' (the line passing through the top
abbreviated as the Designing Horizontal Line). edge of the purlins), Option 2, called 'Muc Chen' (the line

However, in theLuong Khiem DierTemple, this line 55sing through the top edge of the head tie beams and the
corresponds to the center of the medicolumn head tie potiom edge of the purlins), and Option 3, callddc Lon'

beams in the main building, and in thtnh Thanh Dien he jine passing through the bottom edge of the head tie
Temple, it is roughly at the same height as the bottom kﬁ’éams) (Figure 19).

the medium column head tie beams in the main building.Based on the analysis, Option 2 is used as the main

The big beams in the front building and the beams in tp&erence line [8], while Option 1 and Option 3 are used

d_ralnage guer are 'set.below the. horlzontgl Ilng, Wh'le th g{ionally to make adjustments according to column spans
big beams and main tie beams in the main building are s

above . In thebinh Thanh DierTemple only, the big o, BT 1o diection wotid correspond t
beams in the main building are set above the horizontal Iigg. 2 ! P

The center line of the main tie dmas is set so that it P“‘?” 21in the main building and.to _Option 3 in the ff°”‘
coincides with the point of intersection of the DesigninP””d'ng' The height of this DeS|gn|ng. Honzonta]_Lme
Horizontal Line and the center lines of the big columns Hom the surface of the floor planas likely specified

the main building, and likely provides the Designingoitrarily for each building (Table 3, Figures-20).

oo

I Option 1: “Muc Gac”
o e - o — —— g A > e > . e e —— —————— —— -
Designing horizontaHine! 7 Option 2: “Muc Chen”
3| < Option 3: “Muyc Lon”
_____ B s
A /
~ & g
ra
S
=
)
o o] Vi 1:_1_-, =
- [TH—=
i @) > F Line of the height of lower roof
)" |
7 l .
Figure 19. Three options of Designing Horizontal Line
Tab3d . éHei ght of the Designing Horizont al Lines
Height of big column head tie beam Height of big column head tie beam Height of the
No. Name of buildings Column mm/Unit (lower edge) of Front Building Error (upper edge) of Main Building Error ]).esigning.
streets Measure value Restored value (mm) Measure value Restored value (mm) | horizontal line
(mm) | (Unit) | (mm) | (Unit) (mm) | (Unit) | (mm) | (Unit) (Unit)
1 |The To Mieu shrine 8 str. 428 6507 15.20 6506 15.20 1 6456 15.08 6463 15.10 7 15.20
2 |Trieu To Mieu shrine 7 str. 382 4858 12.72 4851 12.70 7 4845 12.68 4851 12.70 (6) 12.70
3 |Dien Tho Chinh Dien palace | 6 str. 426 5358 12.58 5368 12.60 (10) 5365 12.59 5368 12.60 3) 12.60
4 |Long An Dien palace 7 str. 424 5939 14.01 5936 14.00 3 5887 13.88 5894 13.90 7 14.00
5 |Thai Hoa Dien palace 4 str. 427 6508 15.24 6490 15.20 18 6514 15.26 6490 15.20 24 15.20
6 |Minh Thanh Dien temple 4 str. 384 4218 10.98 4224 11.00 (6) 4271 11.12 4270 11.12 1 11.00
7  |Sung An Dien temple 4 str. 385 4850 12.60 4851 12.60 1) 4824 12.53 4813 12.50 12 12.60
8 [Bieu Duc Dien temple 5 str. 383 4829 12.61 4826 12.60 3 4847 12.66 4826 12.60 21 12.60
9 |Hoa Khiem Dien temple 5 str. 384 4813 12.53 4800 12.50 13 4815 12.54 4800 12.50 15 12.50
10 |Luong Khiem Dien temple 4 str. 384 4790 12.47 4800 12.50 (10) 4875 12.70 4877 12.70 2) 12.50
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Figure 20. DesigningHorizontal Lines of the Palaces and Shrines
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Figure 21 Designing Horizontal Lines of the Temples
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3. 1De3s.i Reifreg ence Vertical Erormtleesabove, it is clear that the thaforementioned

As mentioned earlier, the wooden frame in the beaﬂptions for the Designing Horizontal Line served an
direction was constructed fiyst establishing the span of EIMportant purpose: o
which was then used as a reference for sequenti Mar king the position for es:
establishing the spans of F, H, G, and I. Itis assumed that t he beam direction, and als
the spans established based on E were applied along the € St abl i shing the height of
Designing Horizontal Line in the beam direction twiihes Mar ki ng t hiet idoens iogfn cpoolsu mn s
extended vertically downward from them, and inclinations i dge direction, and natura
added at the bottom of the columns (Figure 18, no. 4). origin for the inclination

Accordingly, in the ridge direction, the Designing i dge direction.
Reference Vertical Lines for column spans are al$9 The column inclinations of
important. The distance betweerotwertical lines creates mai n buil ding originate f
the spatial compartments, and a group of them definesthe Hormtzal Line, or from the De
column rows. Let us call these vertical lines the 'Designing € xt ended downward from the
Reference Vertical Lines for Column Spans inthe Beam t he center | ines of the big
and Ridge Direction' (abbreviated as the Designing mai n bui |l di ng.
Verticd Lines). 3.22. Design Method of the Fron:

Pa fi ntch e | Woso d e H’he 'J_ngiggtrﬁglge_ big co!umns in_ the frdmnilding is
equal to the Designing Horizontal Line plus the thickness

2V.elr .tRiocsailt i on Ret wBtiéego NBsehadfrp head tie beam. The thickness of the big column head
anMain Tiien Blaheem Bui | di ntig beams in the front building, as well as the big column

Basically speaking, none of the TwBuildings show a and medium Column head tie t_)eams in t.he main bgilding,
proportional relationship between column height arf@nges from 0.4inits to 0.6 units. In th&ieu Duc Dien
column span in the main building. However, as will béemple, however, the thickness in the main building is
discussed later, a certain relationship exists between theé5 units (smaller than all the others). The distance from
column spans in the ridge directiondathe height of the the Designing Horizontal Line to the center line of the big
top edge of the lower roof (and possibly also the height B¢am in the front building ranges frdn® units to 1.8 units,
the main building ceiling). The height from the Designing' the distance to the lower edge of the big beam ranges
Horizontal Line to the top of the big column head tie bearfiom 1.1 units to 2.2 units. Meanwhile, the height from the
as well as the distance from the Designing Horizontas Ligenter line of the big beam in the front building to the
to the center line of the big beam, is commonly designétrface of the floor plan, established by actual
using concrete measurements. One of these measurem@g@surema, ranges from 9.3 units to 13.8 units, or the
must have been arbitrarily established first. Additionallyjeight to the lower edge of the big beam ranges from 11
the position of the center line of the main tie beam is sughits to 13 units. One of these actual measurements must
that the height belothe center line of the big beam rangebave been arbitrarily established first (Table 5). As in the
from 1 unit to 1.8 units. As an exception, in ®eng An main building, column inclinations the front building
Dien Temple, the center line of the main tie beam is 0dlso originate from the point where the center lines of the
unit higher than the center line of the big beam (Table 4)ig beam and big columns intersect.

3.RPRrop®dead gn
3.

Tab4d . Rel ationship between the height of big beam and mair
Height of Height of center line of big beam of Main Building Height of center line of main tie beam of Main Building
eight o
Measure value | Restored value Relationship | Measure value | Restored value . ..
the in height with Relationship in
e Column| mm | Designing Pl height with the
No. Name of buildings . . Error |the Designing| Error
streets | /Unit | horizontal X center line of
line (mm) | (Unit) | (mm) | (Unit) | (mm) | horizontal | (yum) | (Unit) | (mm) | (Unit) | (mm) o
. line
(Unit) )
(Unit) (Uit
1 |The To Mieu shrine 8 str. 428 15.20 6947 | 16.23 | 6934 | 16.20 13 1.00 6477 | 15.13 | 6506 1520 | (29) 1.00
2 |Treu To Mieu shrine 7 str. 382 12.70 5463 | 14.30 | 5463 14.30 0 1.60 5078 | 13.29 | 5081 13.30 (3) 1.00
3 |Dien Tho Chinh Dien palace | 6str. | 426 12.60 6516 | 1530 | 6518 | 1530 | (2) 2.70 6058 | 1422 | 6049 | 14.20 9 1.10
4  |Long An Dien palace 7 str. 424 14.00 6782 | 16.00 | 6784 | 16.00 2) 2.00 6360 | 15.00 | 6360 | 15.00 0 1.00
5 |Thai Hoa Dien palace 4 str. 427 15.20 7254 | 16.99 | 7259 17.00 (5) 1.80 6479 | 15.17 | 6490 15.20 | (1D) 1.80
6 |Minh Thanh Dien temple 1 str. 384 11.00 1596 | 11.97 | 4608 | 12.00 | (12) 1.00 1195 | 10.92 | 4224 11.00 | (29) 1.00
7 |Sung An Dien temple 4 str. 385 12.60 5356 | 13.91 | 5352 | 13.90 5 1.30 5392 | 14.01 | 5390 | 14.00 2 (0.10)
8 |Bieu Duc Dien temple 3 str. 383 12.60 5661 | 14.78 | 5665 | 14.80 (7N 2.20 5178 | 13.52 | 5171 13.50 8 1.30
9 |Hoa Khiem Dien temple 5 str. 384 12.50 5373 13.99 | 5376 14.00 3) 1.50 4925 | 12.83 | 4915 12.80 10 1.20
10 |Luong Khiem Dien temple 4 str. 384 12.50 5352 | 1394 | 5376 | 14.00 | (24) 1.50 4879 | 12.71 | 4877 | 12.70 2 1.30
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Tab3 .Rel ationship between the height of Designing Horizonta

Hetghtot Height of big beam of Front Building T"m;:::‘: :;;E::";:ﬁ:’dj]:f;d tie
@ Designing Measure value | Restored value Relationship in | Measure value | Restored value
No. Name of buildimngs horizontal helght with
streets | /Unit line Measure Error Deiigning Error
(Unit) position | (mm) | (Unit) | (mm) | (Unit)| (mm) horizontal line (mm) | (Unit) | (mm) [ (Unit) | (mm)
(Unit)
1 |The To Mieu shrine § str. 428 15.20 lower edge | 5565 | 13.00 | 5564 | 13.00 | ! 220 180 | 0.42 171 0.40 9
2 |Trieu To Mieu shrine 7 str. 382 12.70 center line | 4172 | 10.92 ‘ 4164 | 1090 | & 1.80 133 | 0.35 153 0.40 | (20)
3 |Dien Tho Chinh Dien palace | 6 str. 426 12.60 lower edge | 4702 | 11.04 | 4686 | 11.00 | 16 1.60 166 | 0.39 170 | 0.40 | (4)
4 |Long An Dien palace 7 str. 424 14.00 center line | 5356 | 12.63 | 5342 | 12.60 | 14 1.40 163 | 0.38 170 | 0.40 | (7)
5 |Thai Hoa Dien palace 4 str. 427 15.20 center line | 5892 | 13.80 | 5893 | 13.80 | (1) 1.40 235 | 0.55 | 256 | 0.60 | (21)
6 |Minh Thanh Dien temple 4 str 384 11.00 center line | 3575 | 931 | 3571 | 930 | 4 1.70 152 | 040 | 154 | 040 [ (2)
7 |Sung An Dien temple 1 str 385 12.60 center line | 4389 | 11.40 | 4389 [11.40| 0 1.20 143 | 037 | 154 | 040 | (11)
§ |Bieu Duc Dien temple 5 str 383 12.60 lower edge | 4420 | 11.54 | 4405 | 11.50 | /6 1.10 152 | 040 | 153 | 040 [ (1)
9 |Hoa Khiem Dien temple 5 st 384 12.50 lower edge | 4224 | 11.00 ‘ 4224 | 1100 | © 1.50 174 | 045 | 192 | 050 | (18)
10 (Luong Khiem Dien temple 4 str. 384 12.50 lower edge | 4262 | 11.10 | 4262 | 11.10 | (0) 1.40 162 | 042 154 | 0.40 8

3. 2De3s.i gMeitngfd t he Dr ai nage(Talaf).t er
The height of the ceiling in the drainage gutter, which A transom is installed between each of the tie beams,

corresponds to thposition of the drainage gutter in the?nd the distance from the top of the héacbeam to the
valley of the front building and main building roofs, id'€cktie beam in each TwiBuilding is about half the
naturally lower than the main building ceiling. The poinfistance from the top of the hetid beam to the lowetie
where the center line of the beams in the drainage guti§@m- Thigistance ranges from 3.8 units to 4.4 units (in
intersects with the medium column centeelis not the the Temples) or from 4.1 units to 5 units (in the Palaces and
point of origin for column inclinations, but it is possiblyShrines). In the majority of the TwiBuildings, the height
established based on the height of the lower tie beams9fihe lowertie beam in both the front building and main
the relevant TwirBuildings, the height of the beams in thduilding is the same. Howexein the Thai Hoa Dien
drainage gutter is rough|y the same as the center or tOFP@ﬂace, it is lower than in the others, measuring 10.4 units
the lower tie beams. The position of the structure of tHgom the top of the heatie beam of the big columns to the
drainage gutter falls within the height range of the lower tRottom of the lowetie beam. This was probably because a
beams and the main building ceiling (Figure 22). The low#irone had been installed between the big columtisein
edge of the beams in the drainage gutter is aligned with genter of the Thai Hoa Dien Palace, and the thickness of the
third or fourth pulin from the top of the lower roofs, or thetransom located behind it was adjusted accordingly.

center of the big beams in the drainage gutter is aligngd 5 5

with the fourth or fifth purlin. Relations between the

Main Building -BecfTranserve

3.2.4. Rel atiToines Boeeat{msee nN eHEkA fbight of the neetie beam in therbnt building and
Beams anTdi el oBwearms of t hige cEillh@dedm iBtHel nlaifl bulldfhg is important in the
The columns are all corected to each other in the ridgeelationship between the height of the front building and
direction by headie beams, which support the load of th¢ he main buil ding, in terms
purlins. However, only the big columns in the frongrosssection. In the majority of the TwiBuildings, the
building are extended a certain length above the top rgcktie beam in the front building is roughly the same
these tie beams to directly support the purlins, amrd theight as the ceiling beam in the main building. In the
heights of the columns are not all the same. In the mdiwin-Buildings inside the Imperial City, it is roughly the
building, the point where the outer line of the diagon&ame height as the big beam in the front building (Table 7).
beams, or the roof pitch line, intersects with the center ofln theThai Hoa DierPalace antheThe To MieuShrine,
the column top is the designed height of the columns antlich are located inside the Imperial City, the Designing
also the designed héigof the top of the heaiie beams. It Horizontal Line in the beam direction is at the same height
seems that the heights of the neck and lower tie beams w@ah 15.2 units), and the height of the big beam in the front
established according to the distance from this heigpitilding is also extremely similar (the heighttbé center
(Figure 23). In the front building, the distance from the tdfne of the big beam in th@heTo MieuShrine front
of the headie beam to the bottom ohé necktie beam building = the height of the bottom of the big beam in the
ranges from 2.4 to 2.6 units; the distance from the top of theai Hoa DienPalace front building = 13.4 units). The
headtie beam to the center of the ne@beam is 2 units; ceiling beam in th&hai Hoa DierPalace is 0.7 units lower
and the distance from the top of the héiadbeam to the than that in théfhe To MieuShrine, but the height of the
top of the neckie beam ranges from 2 units to 2.1 unitseiling beam component is the same (both 0.3 units). These
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relationships between the height of the Designirlgeam in the front building, and the ceiling bearthie main
Horizontal Line, the height of the big beam and niéek building are related to the scale of the architecture.

w ding-big column

Designing horizontal line

Main bulldmg-med]u column

i

} _H ead-tie beam

eck-tie beam

Lower-tie beam
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Figure 22. Position and components of drainage gustencture
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Figure 23, Positional relation among the tie beams

bheaktt aadbéamer

Height of big Height of big column neck tie beam of Front Building Height of big column lower tie beam of Front Building
@i | o column head Relationship in height with head tie beam Relationship in height with head tie beam
No. Nam of buildings et || e tie beam of M::e“ Measure value Restored value IKrrer M::l'“:" Measwre value Restored value [eas
Front building () ()
C(mm) (mm) | (mm) | (Unit) | Cmm) | (Unit) Cmmd | (mm) | (Unit) | C(mm) | C(Unit)
1 |The To Mieu shrine 8 str. 428 6687 5563 1124 2.63 1113 2.60 b 4543 2144 5.01 2140 5.00 4
2 [Trien To Mieu shrine 7 sir. 382 4991 4043 948 248 955 2.50 7) 3426 1565 4.10 1566 4.10 (1)
3 |Dien Tho Chinh Dien palace | 6 str. 426 5524 4670 854 2.00 852 2.00 2 3854 1670 3.92 1661 3.90 9
4 [Long An Dien palace 7 str. 424 6102 5035 1067 252 1060 2.50 7 4368 1734 4.09 1738 4.10 4)
5 |Thai Hoa Dien palace 4 str. 427 6743 5717 1026 2.40 1025 2.40 1 4777 1966 4.60 1964 4.60 2
6 (Minh Thanh Dien temple 4 str. 384 4370 3583 787 2.05 768 2.00 19 2890 1480 385 1498 3.90 18
7 |Sung An Dien temple 4 str. 385 4993 4071 922 239 924 2.40 2) 3301 1692 4.39 1694 4.40 (2)
8 [Bieu Duc Dien temple 5 str. 383 4981 4221 760 1.98 766 2.00 (6) 3504 1477 3.86 1494 3.90 (17)
9 [Hoa Khiem Dien temple 5 str. 384 4987 4182 805 210 806 2.10 1) 3496 1491 3.88 1498 3.90 (7)
10 (Luong Khien Dien temple 4 st 384 4952 4185 767 2.00 768 2.00 ) 3488 1464 381 1459 3.80 5
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Tab7 eRel ati onship bet weeen btehaem hieni gfhrto notf brueicdkdi ng and ceiling
Height of | Height of
Desiging |top-end edge| Height of Front Height of Front Height of Main
No. Name of buildings flll;::t ST T Location hor:znn:tal o{‘:::rl:r Building big beam | Building neck-tie beam Building ceiling
(Unit) | (Unie) Sz::i:z CUnit) ;::’:I:: (Unit) :;:::;: CUnit)
1 (Thai Hoa Dien palace 427 |Gia Long 3rd year (1804)  |Imperial Court 15.20 12.30 [C::::r;;:: g:g :?\5 :re:ii . :;:g :;p‘z :lr- :gs: E;g
2 |Trien To Mieu shrine 382 |Gia Long 3rd year (1804) | Thai Mieu Residence 12.70 10.40 r::f:;:;z: igig :2:’_:2;2? :3:3 ‘I:’\l\’:’ ::;: :3:3
3 |Minh Thanh Dien temple | 384 |Gia Long 13th year (1814) |Thien Tho Mausoleum 11.00 9.00 :j:::leg:: ::g :gﬁ:;z‘iﬁe 333 :gﬁ:— ::E: :;g
4 [The To Mieu shrine 428 |Minh Mang 2nd year (1821) |The Mieu Residence 15.20 11.90 roeu‘;:lgne E;g ;Pi:fezdt:e ::zg }J{’P‘s:: :g;_: :;'E
5 |Sung An Dien temple 385 |Thieu Tri st year (1841)  |Hieu Mausoleum 12.60 10.90 rg:fzg: :::g :?‘S:le:;ie :g::g :Lp‘f:f :gi: ig;g
6 |Long An Dien palace 424 |Thieu Tri Sth year (1845)  |Inside Citadel 14.00 11.80 fj:':‘eyg E:Sg ::f:’c::ie :i‘_:g :g"f: :gi_z ﬁ:;g
7 [Bieu Duc Dien temple 383 |Thieu Tri 7th year (1847) Xuong Mausoleum 12.60 10.70 E:':‘E:;:: E:g :215 :rezllie ::]gg ::ﬂ]": ::;: :3::3
§ |Dien Tho Chinh Dien palac{ 426 |Tu Duc 2nd year (1849) Dien Tho Residence 12.60 10.80 ;’j:::leg:: Egg :gﬁ::z‘iﬁe :(1)‘8]3 ::’:E:i :;‘E: ;‘l)gg
9 [Hoa Khiem Dien temple 384 |TuDuc 17th year (1864) Khiem Mausoleum 12.50 10.80 r:\l:'treg-:: :igg :g':g::z‘;ie :g:g ::"‘E: :i;i: igzg
10 |Luong Khiem Dien temple | 384 |Tu Duc 17th year (1864) Khiem Mausoleum 12.50 10.30 fj:t:leg:; :::g :f\f:leziie :g::g ::J‘f:lr :25: ;322

Front buildingtbig column———

|_Height of nleck-wll

Height of ne¢k-wall

I
1
|

Figure 24. The neckwall and its relation to height of lower roof

3.2.6. Relations between 11hspansHwidegthet averdge heliget2id onitse The Ro o f
and the Height of Cei |l inetigval( decdines itatier in lacorddrece with Bhe wibled i n g
scale of the building in the ridge direction and was
.nprobably designed with consideration for the
; : L : Elevationfront view of the building to maintain aesthetic
on the outer side, and its height is an important EIememh'Qrmony.

the elevatiorfront view of the building (Figure 24). Its Additionally, thetop-end edge of the lower roof (the top
height appears to be specifically established in relationc;9 the diagon’al beam or the bottom of the rafters) is
the De_signing Horizontal Line, ranging from 1.7 units t?oughly the same height as the ceiling beam in the main
3.3 units (Table B In the Temples, where the frontiging. The height from the surface of the floor plan to
building is 5 to 7 spans wide (in the ridge direction), thge top of the heatie beam of the small colums, which

height of the neckvall is 1.92 units on average. In contrashrovides a reference for the bottend edge of the lower
in the Palaces and Shrines, where the front building is 7rfgf, ranges from 6.8 units to 9.3 units.

There is a neckvall in the space between the tepd
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Tab8 éHei ght owaltlhe neck
Scale of architecture Height of neck-wall
—m Measure value | Restored value Average
No. Name of buildings Recorded in historic Observation on the i Error
documents resent status fOnit (mm) | (Unit) | (mm) [ (Unit) [ (mm> Palaces Temples
P & Shrine | P
. . Main building 9 spans.  [Main building 9 spans,
1 |The To Mieu shrine Front building 11 spans |Front building 11 spans 428 1398 82 1412 | 3.30 (14)
. . . Main building 3 spans. |Main building 3 spans.
2 |Trieu To Mieu shrine L L 382 873 229 879 2.30 (6)
Front building 5 spans  |Front building 5 spans
; i : Main building 3 spans. |Main building 3 spans.
3 |Dien Tho Chinh Dien palace e P g P 426 779 1.83 767 1.80 12
Front building 5 spans  |Front building 5 spans
4 |Lons An D I Main building 5 spans. |Main building 5 spans. 424 931 220 033 220 P
ong en paiace Front building 7 spans  |Front building 7 spans ’ : /
5 |Thai Hoa Dien pal Main bulding § spans. | Main bulding 5 spans. 427 | 1257 | 2.94 | 1238 | 2.90 19
ai Hoa Lien palace Front building 7 spans  |Front building 7 spans : ’
2.50 1.92
. . Main building 5 spans. | Main building 3 spans.
- N 55 . . 3
6 |Minh Thanh Dien temple Front building 7 spans  |Front building 5 spans 384 7 197 768 2.00 13)
7 |Sung An Dien temple Main building § spas.  [Main building 3 spaus. |- oo\ oo |y 06| g3 | 180 | (17
& P Front building 7 spans  |Front building 5 spans : ’ ) /
. . Main building 5 spans. |Main building 3 spans.
8 |Bieu Duc Dien temple g o 383 728 1.90 728 1.90 0
Front building 7 spans  |Front building 5 spans
. ’ N Main building 5 spans,
9 |Hoa Khiem Dien temple None discription . 384 658 1.71 653 1.70 5
Front building 7 spans
- ; S Main building 3 spans.
10 |Luong Khiem Dien temple  |None discription L 384 847 2.21 845 2.20 2
Front building 5 spans

3. 2Re7l.at i onGo Ibuspnaaarech Hieln @ h't To explain this change, a plausible hypothesis is
Lower Roof proposed: From the Minh Mang period onwards, the

In relation to the elevatiefront view, the column spans overall layout of the Hue Imperial City was stabilized, with

in the ridge direction (centrapan A or sutspan B) and the location and floor area of the buildings being
the topend edge of the lower roof, or the height of the malyedetermined. As a result, the height of the k.)undm.gs may
building ceiling, which is roughly the sanheight as the "° Ionger have 'depended on Fhe floor plan d|men3|ons but
top-end edge of the lower roof, seem to be closely relatéd> m_stead d_|rectly dgtermme_d by the he|ght of the
to each other. In fact, the span of A in ktieh Thanh Dien Designing Horizontal Line. This phemenon is also .
Temple is equal to the height of the 4@pd edge of the c_om_mo_nly seen tgday when the area of the construction
lower roof = 9 units (Tables-8; Figure 25), and the spans'te is fixed, and it becomes natural to base architectural

o B in theThai Hoa DierPalace i equal b he eight of 5 O IGHL 1 ueh o, rchiecure pofect end
the topend edge of the lower roof or the bottom of the P 9 P

i ) ) S . rea.

I(f'“ng t;%amBmﬂt]he main bu'ldt'k?g R 1|2..3tu8|tﬁd(.Tain£ ?t In terms of the largest height in the beam direction, the
gure - )Z oth are among the eartiest bulicings bul ﬁ&ight of the main building (L), measured from the surface

the beginning of the Gia lngy period. However, in the cas

. ) N €of thefloor plan or floor woodetoard to the top of the
of theThe To MieuShrine and other TwiBuildings, the  jq4e heam, tends to be twice the height of the ceiling beam

span of A or B_ is not equal to the height of the lower rog[z)' or the heighof the topend edge of the lower roof (h).
(Tables 910; Figure 27). . The distance (h1) from the big beam in the front building to

Thus, during the Gia Long period, the transversge top of the front building ridge beam tends to be 1/2 of
crosssection was designed bydftrestablishing the heightthe height of the ceiling beam or/and the height of the
of the lower roof based on the column spans (A or B), aggh-end edge of the lower roofs. the Long An Dien
then establishing the height of the Designing Horizontplalace only, the distance from the ceiling beam to the main
Line secondarily to define the height of other elementsuilding ridge beam is 3/4 of the height of the ceiling beam,
After the Gia Long period, however, the height of thedow and the distance from the center line of the big beam to the
roof may have been established based on the height offileait building ridge beam is 1/2 of the height of thiing
Designing Horizontal Line instead. beam.
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Tabd9.Rel ati onship between height of | ower roof
Height of top-end edge of lower roofs Height of Mail Building ceiling Relationship in
Column| mm Maesure value Restored value Maesure value Restored value height between
INo. Name of buildings streets | /Unit Error Error | lower roof and
(mm) | (Unit) | (mm) | (Unit) | (mm) | (mm) | (Unit) | CGmm) | (Unit) | (mm) ceiling
(Unit)
1 |The To Mieu shrine 8 str. 428 5109 11.94 5093 11.90 16 5570 13.01 5564 13.00 6 (1.10)
2 |Trieu To Mieu shrine 7 str. 382 3985 10.43 3973 10.40 12 3973 10.40 3973 10.40 0 0.00
3 |Dien Tho Chinh Dien palace| 6 str. 426 4579 10.75 4601 10.80 22) 4589 10.77 4601 10.80 (12) 0.00
4 |Long An Dien palace 7 str. 424 5008 11.81 | 5003 11.80 b) 5005 11.80 5003 11.80 2 0.00
5 |Thai Hoa Dien palace 4 str. 427 5233 12.26 5252 12.30 (19) 5233 12.26 5252 12.30 (19) 0.00
6 |Thanh Thanh Dien temple 4str. | 384 3463 9.02 3456 9.00 7 3243 845 3264 8.50 21 0.50
7 |Sung An Dien temple 4 str. 385 4174 | 10.84 | 4197 10.90 (23) 3924 10.19 3927 10.20 (3) 0.70
8 |Bieu Duc Dien temple 5 str. 383 4101 10.71 4098 10.70 3 4104 10.72 4098 10,70 6 0.00
9 |Hoa Khiem Dien temple 5 str. 384 4155 | 10.82 | 4147 10.80 8 4177 10.88 4186 10.90 (8] (0.10)
10 |Luong Khiem Dien temple 4 str. 384 3943 10.27 | 3955 | 10.30 (12) | 4029 | 10.49 | 4032 10.50 3) (0.20)
Analyzing results on transverse-wooden structures of Minh Thanh Dien temple:

A=h=9 units, L=L2 x 2 = 17 units; h1

=1/2h

Height of main building ridge beam

a TR Height of front building ridge beam
_________ (o e b N RO B L
2 = | 112 :
= z 4 i 2N Height of the-Designing horizontal line
B - ! R W
) g j | / L . Height of lower roof
TTTETTE Y 2, <= | 5=
S 8|2 ) ' 3
2l 5|2 3
5 )
3| &[= 19 :
=1 o g |-~
=| ° Height of ceiling
) i
0
I Sl T & I | S | I | | N | | S & S i A

Front

puilding big bear

h-span

Maiy

building big beam-

span

Figure 25. Proportional analyzing on the transverse cisstion of Minh Thanh Dien temple

Analyzing results on transverse-wood
B =h=12.3 units; L=h x 2 =24.6 uni

:

en structures of Thai Hoa Dien palace:
;h1=1/2h
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Figure 26. Proportionaknalyzing on the transverse cressction of Thai Hoa Dien palace
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Civil Engineering arfd9/r, c RiOt2ébct ur e 1 31587) :

Tabl®Rel ati onship between column span and height
Restored value of ridge Height of Front | Height of Desgining
mm direction compartments Height of | Height of Building neck- horizontal line
No. Name of buildings Year of construction lower roofs | ceiling
/Unit " S tie beam
Central-span | Sub-spans (Unit) (Unit) i .
: P (Unit) (mm) (Unit)
(Unit) (Unit)
1 |Thai Hoa Dien palace 427 |Gia Long 3rd year (1804) 13.00 12.30 12.30 12.30 13.40 6490 15.20
2 |Trieu To Mieu shrine | 382 |Gia Long 3rd year (1804) 10.00 9.30 10.40 10.60 10.60 4851 12.70
3 |Minh Thanh Dien temple 384 |Gia Long 13th year (1814) 9.00 8.00 9.00 8.50 9.00 4224 11.00
4 |The To Mieu shrine | 428 |Minh Mang 2nd year (1821) 10.70 10.00 11.90 13.00 13.00 6506 15.20
5 |Sung An Dien temple | 385 |Thieu Tri Ist year (1841)) 9.90 9.00 10.90 10.50 10.60 4851 12.60
6 |Long An Dien palace 424 |Thieu Tri 5th year (1845) 10.80 9.50 11.80 11.80 11.80 5936 14.00
7 |Bieu Duc Dien temple | 383 |Thieu Tri 7th year (1847) 10.00 9.00 10.70 10.70 10.70 4826 12.60
8 |Dien Tho Chinh Dien palace | 426 |Tu Duc 2nd year (1849) 10.00 10.00 10.80 11.00 11.00 5368 12.60
9 |Hoa Khiem Dien temple | 384 |TuDuc 17th year (1864) 10.00 9.00 10.80 10.50 10.50 4800 12.50
10 |Luong Khiem Dien temple 384 |Tu Duc 17th year (1864) 10.00 9.00 10.30 10.50 10.50 4800 12.50
Analyzing results on transverse-wooden sTructures of The To Mieu shrine:
Aor B#h; L=hx2=23.8 units; hl =1/2h : o e
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Figure 27. Proportional analyzing on the transverse cisisgion of The To Mieu shrine

Thewooden framef theLong An DierPalace is a very columns at the top is usually smaller than at the bottom,
special case for the following reasons: Firstly, this buildingius causing theotumn center line to have an inclination).
was constructed during the Thieu Tri period, right after thghis inclination is intended to reduce the pressure from the
construction policies implemented by Emperor Minkoof's weight, and perhaps also to achieve an aesthetic
Mang took effect. As a result, the uppenf pitch of this effect, which has been applied since ancient times in the

building is smaller than that of other TwBuildings, and Egast. Four types of column inclinat®nhave been
the uppeiroof pitch and loweroof pitch appearto bethec g nf i r med: i nward inclinat.i

same. These unusual features of the roof pitch ih®he Noi 6: out ward inclination,
An DienPalace will be explained more clearlyinTable 12 n c | i nat i on call ed -ifiwaftdach
below. Secondly, this biging was originally the main ; h | i nati on called AThach

building of the Bao Dinh Cung residence, used for the -4 inclinations are fad in the E and F s

ans;
resting of Emperor Thieu Tri. It was located on th b

Butward inclinations are seen in the G span (drainage

northern side of the Imperial City and was later moved ;'ﬁJltter); parallel inclinations are found in the H span; and

|ts_ C””ef“ location on Fhe eagtern side, near the Impes uare inclinations are used in the columns at the corners of
City, during the Khai Dinh period [9]. It has been used as S I L

; . ! oth the longitudinal and latitudinal directions. Cofum
the imperial museum to this day, so there may have been

many changes during the reconstruction work (Figure -
Long An DierPalace). ilahe results of the measuring surveys show that the

inclination width of the big columns in the main building is
3. 2Co8.ummnc | i nati on generally larger than in the front building, ranging from 0.1
Traditionally, the columns in the artkcture are not to 0.15 units in th front building and 0.15 to 0.25 units in
designed to be perfectly vertical but instead have #t¢ main building (Table 11). The ratio of column
inclination, accor di ng Ha oincligatign wiptl to golann height falfs wikin hergngeoh u
Thacho (whi ch -toeeatersdistande eof 08%iInlt4%.r
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clinations are sometimes regarded as a structural measure.
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Figure 28. Explained drawing of the columinclination on the transverse cressction
TablleCdl umn inclinati-saecbhohsansverse cross
Total
Front Front Main Back
Column D i Column | Front wing = Building e diagonal | Building | diagonal = Back wing | Total 1 Total 2 Total 3
LD = ¥ streets span (40] big beam g“;) beam | big beam | beam n (Front H to | (Front F to | (Front I to
F)+20 H) | ®+2 | BackH) | backH) | Backl)
Top £30 10.00 7.50 8.30 10.00 8.30 8.30 26.60 44.10 60.70
1 |The To Mieu shrine 8str. 428mm/Unit |Bottom 830 10.30 7.10 8.30 10.40 830 8.30 27.00 4440 61.00
Incli 0.00 0.30 0.40) | 0.00 0.40 0.00 0.00 0.40 0.30 0.30
Top 6.50 8.40 6.60 8.10 10.10 8.10 6.50 26.30 41.30 54.30
2 |Dien Tho Chinh Dien palacg 6 str. 426mm/Unit | Bottom 6.40 8.60 6.20 8.20 10.50 8.20 6.40 26.90 41.70 54.50
Inclination (0.10) 0.20 (0.40) 0.10 0.40 0.10 (0.10) 0.60 0.40 0.20
Top 7.30 9.00 6.40 9.20 10.00 9.10 7.30 28.30 43.70 58.30
3 |Long An Dien palace 7sw. | 424mmUnit [Botiom 7.30 9.30 6.20 9.00 10.30 9.00 7.30 28.30 43.80 58.40
Incli 0.00 0.30 020 | @20 | o030 (0.10) 0.00 0.00 0.10 0.10
Top 6.90 9.30 7.10 7.70 9.90 7.70 6.90 25.30 41.70 55.50
4 |Trieu To Mieu shrine 7 str. 382mm/Unit |[Bottom 6.80 9.60 6.80 7.80 10.20 7.80 6.80 25.80 42.20 55.80
Inclination (0.10) 0.30 (0.30) 0.10 0.30 0.10 (0.10) 0.50 0.50 0.30
Top 8.60 11.50 8.40 9.30 12.50 9.30 8.60 31.10 51.00 68.20
5 |Thai Hoa Dien palace 4sw. | 427mm/Unit [Botiom .60 11.80 8.20 9.10 13.00 930 8.60 31.40 51.40 68.60
Top 5.00 7.10 5.30 6.00 8.10 6.00 5.00 20.10 32.50 4250
6 |Minh Thanh Dien temple | 4sw. | 384mm/Unit [Botiom 5.00 7.10 4.80 6.10 820 6.10 5.00 20.40 3230 4230
Inclination | 0.00 0.00 050 | 010 0.10 0.10 0.00 0.30 0200 | (0.20)
Top 6.90 8.50 6.90 8.00 9.00 8.00 6.90 25.00 4040 54.20
7 |Sung An Dien temple 4 str 385mm/Unit |Bottom 7.00 8.70 6.50 8.00 9.30 8.00 7.00 25.30 40.50 54.50
Incli 0.10 0.20 (0.40) 0.00 0.30 0.00 0.10 0.30 0.10 0.30
Top 7.00 8.10 7.00 8.10 8.70 8.10 7.00 24.90 40.00 54.00
8 |Bieu Duc Dien temple 5 str. 383mm/Unit |Bottom 7.00 8.40 6.60 8.00 9.00 8.00 7.00 25.00 40.00 54.00
Inclination | 0.00 0.30 040 | @10 | 030 (0.10) 0.00 0.10 0.00 0.00
Top 7.00 8.10 6.90 8.00 8.60 8.00 7.00 24.60 39.60 53.60
9 | Thai Hoa Dien temple 5 sir. 384mm/Unit |Bottom 6.90 8.50 6.60 7.90 8.90 7.90 6.90 24.70 39.80 53.60
Inclination (0.10) 0.40 (0.30) (0.10) 0.30 (0.10) (0.10) 0.10 0.20 0.00
Top 6.40 7.30 5.80 7.70 7.70 7.70 6.40 23.10 36.20 49.00
10 |Luong Khiem Dien temple 4 str. 384mm/Unit |Bottom 6.40 7.60 5.60 7.60 8.00 7.60 6.40 23.20 36.40 49.20
Inclination 0.00 0.30 (0.20) (0.10) 0.30 (0.10) 0.00 0.10 0.20 0.20
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3. 2R09®fi tamklei gRt dge Beam Applying this method to the survey results, the pitch of the
The upper roof pitch of the main building is larger thaHPPer roof of the main building ranges from 58% to 62%,
that of the frait building. The pitch of the lower roof is@nd the pith of the lower roof ranges from 42% to 46%
either the same as the corner of the upper roof of the fréhgbles 1213). o _ o
or main building (in the Palaces and Shrines), or it is This method pf establlshmg the _roof pitch ehn_unates the
smaller than or equal to the pitch of the upper roof of tfheed to establish the design height of the ridge beam.
main building (in the Temples). However, as discussed earlier, the height of the front
In analyzing how the roof pitch was establisheduilding and main buildingidge beams may have been
dividing the height of the roof by the column span alwaydetermined based on the intended total height of the
produces a fraction in all of the TwBuildings, so this Twin-Buildings. In all of the TwirBuildings, the
cannot be how the roof pitch was determined. According @fference between the roof pitches of the front building
the traditional construction technig of central Vietnam and main building, as well as the difference in roof pitch
[10], the roof pitch was established using a triangul@mong each Twin-Building, likely stemmed from
carpenterds tool cal | ed varationgirptie oveved keig@ plant Fi gure 29)

Main building-medium !
column center line |
Main building upper-roof pitch l ! 7
I N

o “Thuoc Nach” "~ _ | P Ceiling

— triangle ruler > -
r—#‘\ ™

1
| " Main building medium
| column vertical line
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Figure29. Roof pitch established by using carpenterds

Tabl2eRdof pitch e#8TthaolciosNnaecehn by &t beorogent er

Roof angle Roof angle according to the options of using "Thuoc Nach" three triangle
(%) 100 99 98 97 9% 95 94 93 92 91 90

Ordinary roof angle 57.8 58.8 60.0 61.3 62.3 63.8 65.1 66.4 67.7 69.3 70.6
Conner roof angle 40.9 41.6 42.5 43.3 44.2 45.1 46.0 46.9 47.9 49.0 50.0

Tabl3eRdof pitch according to measurement resul

Upper roof | Conner |Upper roof| Conner Height raising at the conners of Main Building
Lower roof angle |rooofangle| angle |rooof angle | (according to the traditional construction technique) .
: : Observation
No. Name of buildings angle (Front (Front (Main (Main .
(©%) building) | building) | buildng) | building) | linch | 2inch | 3inch | 4inch | Sinch position
(%) (%) (%) (%) (%) (%) (%) (%) (%)

1 |Thai Hoa Dien palace 40.2 61.8 43.7 61.1 43.2 425 41.7 41.0 40.2 394 Diagonal beam upper edge
2 |The To Mieu shrine 413 58.8 412 58.9 41.6 40.7 399 39.0 382 37.3 Diagonal beam upper edge
3 |Dien Tho Chinh Dien palace 49.2 70.2 49.7 62.1 13.9 43.1 12.2 11.3 10.4 39.6 Diagonal beam lower edge
4 |Long An Dien palace 356 499 353 464 328 321 313 305 29.7 29.0 Diagonal beam upper edge
5 |Trieu To Mieu shrine 452 50.8 359 60.3 42.6 41.7 40.8 398 389 38.0 Diagonal beam upper edge
6 |(Minh Thanh Dien temple 436 577 40.8 56.3 39.8 386 374 363 351 339 Diagonal beam upper edge
7 |Sung An Dien temple 548 526 372 534 378 369 36.0 351 343 334 Diagonal beam upper edge
§ [Bieu Duc Dien temple 532 493 349 535 37.9 37.0 30.1 352 344 33.5 Diagonal beam upper edge
9 |Hoa Khiem Dien temple 534 64.6 45.7 54.4 38.5 376 36.7 358 349 34.0 Diagonal beam upper edge
10 |Luong Khiem Dien temple 51.6 764 54.0 52.8 373 364 355 346 336 327 Diagonal beam upper edge

ts
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4. Discussionon the DesignMethods of direction can be established concurrently. The spans E
and/or F will be established from span A or B, then spans H,

the Wooden Frames G, and | will be emblished based on E and F (Figure 30).
As a result of the analysis of each Tvidailding in

relation to the confirmed traditional design methédhe 1.2. Second Step

central region of Vietnam, two design methods for the Column spans are applied along the Designing

wooden frame have emerged, which can be explaingdrizontal Line in the beam direction, and the Designing

through the design process of the transverse -s@sn vertical lines are extended downward from them as

below. reference lines for column inclinations. Theight of the
medium columns in the main building is set to be the same
4 HarDesi gn (M@ita dcornjgo d as the height of the Designing Horizontal Line, while the
height of the big columns in the front building is that height
4. IFilSs€ep plus the thickness of a he#id beam. The Designing
The height of theap-end edge of the lower roof is firstHorizontalLi ne corresponds to the
established based on the dimension of span Aor B, dadveno ( Option 2) in the main

then the scope of the lower structure is determined. Byption 3) in the front building. The height of the entire
adding the height of the neskall to the topend edge of building (the height of the ridge beam of the main building)
the lower roof, in accordance with the scale thé is twice the height of the tepndedge of the lower roof.
elevationfront view of the building in the ridge direction,The position of the column bases is determined
the height of the Designing Horizontal Line in the beamccordingly (Figure 31).

Front building big bearh-span | Main building big beam-span Sten 1
i () Maifi building front upper  (E)  Maiin building back upper bep
‘ diaaonal bcam-span diagonal buam-span !
Front buxldmg : H) 5 H) Mam bluldmg
front lower diagonal beam-span Draumgg gutter- $pdn : back Iower diagonal beam-span

® | G | o

Height of top-¢nd edge 6f lower roof ! | i
(copy from A span or B spgn of ridge direction) /7§

Slwfacc of floor lan

O

Height of lower rdof

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

Figure 31 Estimated second step of eadiysigning method (Gia Long period)





















