AIDE ACADEMY / ARCHITECTURAL RESEARCH DOSSIER

ZAHA HADID

Hinh hoc phi tuyén
va hé két cau tham so

NONLINEAR GEOMETRY - STRUCTURE - DIGITAL FABRICATION

TU logic hinh thai, vat liéu GRC/GRP va I6p vo bao che dén dung sai, ché tao so, lap rap va
van hanh.

15 CHUONG / 150 MUC NGHIEN CUU / 150 ANH

H6 so day da - Anh minh hoa theo ma chuong va muc
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HUGNG DAN DOQC / READING GUIDE

DPoc hinh thai qua hé ky thuat

Chuyén dé t6 chic ndi dung tu file Word thanh 15 chuong, 150 muc nghién ctu. M6i muc dugc
ghép véi anh cung ma trong bé ZahaHadid_Visual _Archive; toan bé phan chit, bang, cong thic va
ndi dung so d6 dugc dua vao ban day da.

Ban PDF gi(r cac luan diém va théng sé clia hé so ngudn. Cong viéc bién tap tap trung vao hé phan
cap, nhip doc va mai lién hé gitra ndi dung véi hinh anh.

Anh nguén ndm ngang 16:9. M&i muc st dung mdt khung doc 9:16 rong khodng 88 mm, cao
khodng 156 mm, chiém khoang 22% dién tich trang A4: toan canh gilr nguyén & phia trén, ving
chi tiét phéng 16n & phia dudi.

Cac hinh trong archive dugc dung lam minh hoa nghién c(ru. Tén cong trinh, dia diém va tac gia
anh khéng dugc bé sung khi ho so nguén khéng cung cap thong tin nay.

Cach tra cuu
* Muc luc chuong dan téi pham vi nghién cu I6n; chi muc chi tiét dan téi tiing muc.

¢ M3 ZH-CHxx-Pxx két ndi muc nghién c@u véi dnh tuong ing. Toan canh va chi tiét trong cung
khung xuat phat t&r mét dnh nguon.

e Bookmark ctia PDF gom hai cép: chuong va muc. Badng déi chiéu gilt da cot; cong thic dugc trinh
bay bang ky hiéu toan hoc.

» So d6 dugc dung lai bang nét d6 hoa va nhan tir nguén. Noi dung ti€p néi theo thr tu trong
Word; cac trang sau mang cung ma muc.
Nguon dau vao

Van ban: ZahaHadid_Parametric_Dossier.docx
Hinh anh: ZahaHadid_Visual_Archive.zip

Bién tap: AIDE Academy - Thang 09/2026
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MUC LUC / CONTENTS

15 chuong nghién ctu
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02 Logic hinh khéi phi tuyén & topology 071
03 Dactinh coly cia GRC & GRP 127
04 Ty |é nhén trac trén dong chay 189
05 Vatly kién trdc - dong luc hoc gié 242
06 Giai phau I6p lang bao che GRC 297
07 Giai phau nut giao & khe ron linh hoat 354
08 KEét cau gian khong gian & dam cong 411
09 Tich hgp hé théng co dién ngam 464
10 Quan tri dung sai khéng gian 3D 518
11 Gia cong khuén CNC & phun robot 574
12 Logistics ma vach & RFID 636
13 Lap rép ky thuat s6 & quét LiDAR 3D 690
14 Phan Gng hda ly bé mat GRC 748
15 Van hanh & bao tri drone 804
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CHO1 / TIEN DE BOI CANH & KY NGUYEN THUAT TOAN
ZH-CHO01-P01l / RESEARCH NODE

Su ra doi cua parametricism

KY NGUYEN THUAT TOAN: SU SUP
PO CUA HINH KHOI HOP VA SU TROI
DAY CUA PARAMETRICISM

Ki€n tric Hién dai (Modernism) tirng déng dinh
tu duy nhan loai vao hé toa d6 Descartes: ba
truc X, Y, Z truc giao, nhitng khéi hop bé téng
tinh tai, su lap lai co hoc vo hon clia chu nghia
c6ng nang thuan tuy.

Su ra doi cia Parametricism (Chu nghia
Tham s8) dudi ngon co clia Zaha Hadid va
Patrik Schumacher khéng chi la mo6t cudc céch
mang thi giac; dé la mot cudéc dao chinh
hinh hoc. Thay thé cho cac géc vuéng va mat
phang tinh la cac trudng vector bién thién, cac
gradient mat do, va su lién tuc hinh thai
(topological continuity). Kién tric khéng con
dugc "vé" ra mot cach thu déng; né dugc "tinh
toan" thong qua cac thuat todn mé phdng céac
quy luat tu nhién, bién cac tdoa nha tir vat thé
tinh thanh cac thuc thé doéng hoc déng vai tro
nhu cac dong chdy nang lugng.

ZH-CHO01-PO1 / Sy ra doi cUa parametricism

SO PO NGUYEN LY / HO SO NGUON

HE TU DUY HIEN DAI KY NGUYEN THAM SO
[ HINH KHOI TRUC GIAO ] [ HINH HOC DONG CHAY ]
(Cartesian) (Non-Euclidean)
TINH TAI BE GAY HE TRUC ( G2 Continuity )
Géc Vudng > ( Gaussian Field )
Chia cat khéng gian Lién tuc - DPéng hda
Co hoc héa céng nang T6i wu héa da bién
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CHO02 / LOGIC HINH KHOI PHI TUYEN & TOPOLOGY
ZH-CHO02-P01 / RESEARCH NODE

Bé mat cong kép

K\’( NGUYEN HINH THAI HOC THAM
SO (PARAMETRIC MORPHOLOGY)

Chu dé: Phan tich Cau tric Bé mat Cong
Kép & Hinh hoc T6-p6 Phi Tuyén

1. HINH HOC PHI TUYEN: LOGIC
TOAN HOC & TiNH LIEN TUC HINH
KHOI

Kién trdc phi tuyén tinh giadi phéng céng trinh
khoi hé toa d6 Descartes (x, y, z) tinh tai,
chuyén dich sang mét trudng khéng gian bién
thién lién tuc, noi hinh hoc tré thanh mot ham
soO cua luc, nglr canh va ludong van dong.

NOI DUNG TRONG MUC
1. hinh hoc phi tuyén: logic todn hoc & tinh lién tuc hinh khéi

2. vat liéu composite cao cap: GRC & GRP trong két cau siéu
madng

3. thi cong tham sé: dung sai, robotics & do dac toan dac 3D

4. vat ly cong trinh & bao tri tuong lai

ZH-CHO02-P01 / BE mat cong kép

SO PO NGUYEN LY / HO SO NGUON
PO CONG GAUSS TRONG THIET KE BE MAT

K > 0 (Synclastic) K < 0 (Anticlastic) K = 0 (Developable)
[Hinh chém caul [Hinh yén ngua] [Hinh tru/nén]
+ + \ / + +
/ \ \/ / /
( k1 ) K1 /\ K2 / Kl / (kK2 =0)
\ K2 / / \ / /
+ + / \ + +

Nén tang Vi phan & Bé& mat NURBS

Moi bé mat phirc hop trong ngbén nglr ZHA déu dugc tham s6 hda théng qua NURBS
(Non-Uniform Rational B-Splines). Mot diém S(u, v) trén bé mat dugc dinh nghia:
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CHO3 / DAC TINH CO LY CUA GRC & GRP
ZH-CHO03-P01 / RESEARCH NODE

Bé tong cot soi thuy tinh (GRC)

BAO CAO PHAN TICH KY THUAT: DAC
TINH CO LY GRC/GRP TRONG KIEN
TRUC THAM SO (PARAMETRICISM)

Ho6 so Ky thuat: Hé V6 Boc Bé Téng Cét
Soi Thay Tinh (GRC) & Polymer Cét Soi
Thay Tinh (GRP)

Pon vi nghién ctu: Chuyén dé Dbién toan

Hinh hoc & Céng nghé Ché tao Tién tién
ZHA

CHI TIET PHONG TU ANH TREN

1. HINH HOC PHI TUYEN: LOGIC
TOAN HQC CUA BE MAT CONG KEP &
SU LIEN TUC HINH KHOI

Kién trdc Tham so (Parametricism) clia Zaha
Hadid Architects (ZHA) khéng dinh hinh cong
trinh bang cac khéi hinh hoc Euclid nguyén
thay (hop, cau, nén), ma khai thac Hinh hoc
Vi phan (Differential Geometry) dé kién
tao trang thdi lién tuc trudng (field conditions).

NOI DUNG TRONG MUC

1. hinh hoc phi tuyén: logic todn hoc cla bé mat cong kép &
sy lién tuc hinh khai

1.1. logic bé mat cong kép (double-curved surfaces)

1.2. tinh lién tuc hinh khéi ($97°0 - g™~ 3%$)

ZH-CHO03-P01 / Bé tdng c6t sgi thay tinh (GRC)

SO DO NGUYEN LY / HO SO NGUON
[Bé m&t Piéu khac NURBS]

—— Gaussian Curvature K = K1 -+ K2
K > 0: Synclastic (Dang vom)
[EE K < 0: Anticlastic (Dang yén ngua)
K = 0: Developable (Mat kha trién)

A

— Diéu kién Lién tuc Bé mat
G°: Lién tuc Vi tri (Position)
G': Lién tuc Tiép tuyén (Tangency)
G2: Lién tuc PO cong (Curvature) —> Chudn t6i thiéu ZHA
G3: Lién tuc Gia tdéc (Torsion)
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CHO4 / TY LE NHAN TRAC TREN DONG CHAY
ZH-CHO04-P01 / RESEARCH NODE

Ergonomics cua duong cong

KY NGHE CUA DONG CHAY: CONG
THAI HOC CUA DUONG CONG VA SU
TAI BPINH HINH NHAN TRAC HOC

Trong ly thuyét cia Cha nghia tham sé
(Parametricism), khéng gian khéng con la su
tap hop thu dong cla cac khéi hdp Descartes
ba truc XYZ bat bién. Thay vao dé, né hoat
doéng nhu mot trudng vector lién tuc, noi ranh
gidi gilra san, tudng va tran bi triét tiéu hoan CHI TIET PHONG TU ANH TREN
toan. Khi moét bé mat chuyén dich tir géc ding B
90° sang cac dai nghiéng tu do, tuong tac
nhan trac hoc (Anthropometrics) budc phai
ti€n hoda: co thé con ngudi khong chi diing hay
ngoi, ma tua, truot, cham va hoa vao voé boc
kién truc.

Duéi day la ban phan tich ky thuat sau sac vé
logic todn hoc, vat liéu phic hgp, ky nghé 1ap
dung va vat ly van hanh dinh hinh nén ngén
ng{t phi tuyén tinh nay.

1. HINH HOC PHI TUYEN: LOGIC
TOAN HOC & CONG THAI HOC
KHONG GIAN

Su bién dai lién tuc gitra mat san (chiu tai
ngudi) sang vach nghiéng (tua lung/cham) va
tran (bao che) doi hoi su kiém soat tuyét doi
vé mat todn hoc théng qua cac thuat todn hinh

ZH-CH04-P01 / Ergonomics cla dudng cong

hoc vi phan trong méi truong Rhino/Grasshopper.

SO DO NGUYEN LY / HO SO NGUON
[DO CONG ANTHROPOMETRIC TRONG KHONG GIAN THAM 56]

Tran (Enclosure) - Vling &p suat gié / Phan xa am

\ /
\ G2/G3 / (Chuyén tiép Torsion-free)
\ /
| | <— Mat nghiéng 65°- 75°: Twa lung / Piém ti
/ \ (Ergonomic Transition Zone)
San (Pedestrian) / \
\ (Gaussian K < 0: Anticlastic)
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CHO5 / VAT LY KIEN TRUC - DONG LU'C HOC GIO
ZH-CHO05-P01 / RESEARCH NODE

Khi dong hoc cong trinh

PHAN TiCH CHUYEN SAU: KHi DQNG
HOC HINH THAI HOC TRONG KIEN
TRUC THAM SO (PARAMETRICISM)

Du an quy chuan: C4u truc giot nudc khi
déng hoc (Aerodynamic Teardrop Morphology)

Hé quy chiéu ly thuyét: Zaha Hadid
Architects (ZHA) & Computational
Fluid-Structure Interaction (FSI)

CHI TIET PHONG TU ANH TREN

NOI DUNG TRONG MUC

1. hinh hoc phi tuyén: logic todn hoc cta tinh lién tuc va bé
mat cong kép

2. cong nghé vat liéu composite: GRC va GRP trong két cau
siéu moéng

3. thi c6ng tham s6: dung sai tap trung, 1ap rdp robot va trac
dac LiDAR 3D

4. vat ly khi dong hoc & bao tri théng minh

ZH-CHO05-P01 / Khi ddng hoc cong trinh
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CHO6 / GIAI PHAU LGP LANG BAO CHE GRC
ZH-CHO06-P01 / RESEARCH NODE

LSép vé GRC ngoai cung

GIAI PHAU LOP LANG BAO CHE GRC -
HE THONG VO NGOAI PHI TUYEN

Du an hoc thuat: Cau truc biéu bi kién
triuc Zaha Hadid Architects (ZHA)

P6i tugng phan tich: Lép vé mat dung GRC
(Glassfibre Reinforced Concrete) ngoai vi - D6
chinh xac mac dd Milimet (1073m).

NOI DUNG TRONG MUC

1. hinh hoc phi tuyén: ban thuyét minh todn hoc cla su lién
tuc

2. ky thuat vat liéu GRC: nghé thuat cau trdc siéu mong
3. thi cdng tham s6é: su chinh xac tir ma 1énh dén thuc dia

4. vat ly cong trinh & bdo tri sé thoi gian thuc
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CHO7 / GIAI PHAU NUT GIAO & KHE RON LINH HOAT
ZH-CHO07-P01 / RESEARCH NODE

Khe ron hé (open-joint)

CHUYEN BAO KY THUAT: GIAI PHAU
NUT GIAO & KHE RON HO
(OPEN-JOINT) TRONG KIEN TRUC
ZAHA HADID

BIEU TUONG HOC CUA MAT DUNG
PONG LUC HOC (TECTONIC
CONTINUITY)

Trong ngbn nglt kién trdc tham so
(Parametricism) clia Zaha Hadid Architects
(ZHA), vé bao che cong trinh khong bao gio la
mot bé mat tinh hoc déng kin. Thay vao dé, né
la mot 16p biéu bi dong luc hoc (kinetic
skin).

Giai phap khe ron hé
(open-joint/ventilated rainscreen) cho cac
tam bé téng cot sagi thuy tinh (GRC - Glassfibre
Reinforced Concrete) déng vai tro la "khép thé
sinh hoc". N6 triét tiéu toan bd ing suat giam
ham néi tai (restrained internal stresses), dong
thoi giai phdng dang hinh hoc phi tuyén tinh
khai nhirng gidi han vé bién dang nhiét va
dung sai ché tao.

ZH-CHO07-P01 / Khe ron ha (open-joint)

1. HINH HOC PHI TUYEN: LOGIC TOAN HOC VA TiNH LIEN TUC

SO PO NGUYEN LY / HO SO NGUON

GO: Vi tri Gl: Tiép tuyén G2: D6 cong lién tuc
[Panel]—Corner—[Panel] [Panel]—Tangent—[Panel] [Panel]~~~Smooth~~~[Panel]
(Gay khuc) (P61 huéng doét ngdt) (Dong chdy thi gidc phang min)

1.1. Bé& mat Cong Kép va D6 cong Gauss (Gaussian Curvature)

Céac bé mat tu do (freeform surfaces) cta ZHA dugc dinh nghia trén khéng gian topo bang cac ham
NURBS (Non-Uniform Rational B-Splines) bac cao (p = 3). Logic hinh hoc cta vo bao che dugc
phan loai thong qua d6 cong Gauss K:
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CHO08 / KET CAU GIAN KHONG GIAN & DAM CONG
ZH-CHO08-P01 / RESEARCH NODE

Hé xuong suot thép ong

BAO CAO PHAN TiCH KY THUAT
CHUYEN SAU

HE THONG KET CAU XUONG SUON THEP
ONG PHI TUYEN & VO BAO CHE THAM SO
(PARAMETRIC SKELETAL & ENVELOPE
SYSTEMS)

Chuyén dé: Céau truc gian khéng gian tu do
(Freeform Spatial Diagrid) mang ngén ng(r
Zaha Hadid Architects (ZHA)

LOI DAN: KIEN TRUC NHU MOT THE
TIEU THE PONG LUC HOC

Trong hé hinh Parametricism, két cau khong
con dong vai tro la "bo khung thu déng" ganh
dd 16p vo, ma bién thanh mot hé sinh thai hinh
hoc lién tuc. Hé théng xuong suon thép éng
(Structural Tubular Steel Ribs) uén cong tu do
déng vai tro la truc xuong séng sinh hoc
(Biological Spine), két hop clng 16p vé
composite méng nhe (GRC/GRP) tao nén mot
cau trdc nguyén khai
(Monocoque/Exoskeleton), xéa nhoa ranh giéi
gilta chiu luc va biéu cam kién truc.

‘Shaton: HaD. 2imm 14150 400, 11605 (R0

CHI TIET PHONG TU ANH TREN
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ZH-CHO08-P01 / Hé xuong sudt thép 6ng

1. HINH HOC PHI TUYEN: LOGIC TOAN HOC & SU LIEN TUC HINH KHOI

Hé xuong sudn cla ZHA khong thé dién gidi qua hinh hoc Euclid truyén théng ma phai dung Giai
tich hinh hoc vi phan (Differential Geometry) va cau tric lién tuc NURBS (Non-Uniform

Rational B-Splines).

SO DO NGUYEN LY / HO SO NGUON

[Bé mat kién trdc NURBS]
| (Phan tich Gaussian Curvature K)
\J

[Budng cong tham s6 Isocurve / Geodesic Path]

| (Trich xudt vector tiép tuyén & phap tuyén)

v

[Truc tim thép 6ng (Centerline Tube Vector)] —» [Phan doan gia c6ng CNC]
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CH11 / GIA CONG KHUON CNC & PHUN ROBOT
ZH-CH11-P01l / RESEARCH NODE

Phay khuon xop 5 truc

BAO CAO KY THUAT: CONG NGHE
CH’I"E TAC PHI TUYEN TiNH TRONG
KIEN TRUC ZAHA HADID

Chuyén dé: Phay Khudn X6p EPS 5 Truc
(5-Axis CNC Milling) & Ché Tao Bé Mat Vé
Méng GRC/GRP

Hé hinh: Parametricism (Chu nghia Tham sg)
- T M6 hinh Ky thuat s6 dén Vat chat héa (Bits
to Atoms)

1. HINH HOC PHI TUYEN: LOGIC
TOAN HOC & PO LIEN TUC BE MAT
(GEOMETRIC CONTINUITY)

Trong ngbn ngit kién trdc cta Zaha Hadid
Architects (ZHA), cac bé mat khong don thuan
la hinh khéi tinh ma la cac truong bién thién
hinh hoc (vector fields). D€ hién thuc héa tir
thuat todn sinh hinh (generative algorithms)
trén Rhino/Grasshopper sang khéi vat ly, toan
hoc vi phan déng vai tro tién quyét.

ZH-CH11-P01 / Phay khu6n x6p 5 truc

SO DO NGUYEN LY / HO SO NGUON
[M6 hinh Thuat todn NURBS]

YV (Kiém sodt Curvature & Gradient)
[Phan tich Gaussian: K = k1 x k2]

k:b Synclastic (K > 0): V& cau 16i/16m

» Anticlastic (K < 0): Mat yén ngwa phi tuyén
Y (Pam bdo G2/G3 Continuity)

[Quy dao Dao 5 Truc: RTCP Toolpath]

\/
[Khuén Am Ban EPS Chinh Xac Cao]
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CH15 / VAN HANH & BAO TRI DRONE
ZH-CH15-P01 / RESEARCH NODE

Thach thuc lam sach phi tuyén

BAO CAO KY THUAT: POT PHA HINH
HOC PHI TUYEN & CHIEN LUQC BAO
TRi BE MAT BANG DRONE

Du an doéi chiéu: Cac hinh thai cau tric mang
tinh bi€u tugng cla Zaha Hadid Architects
(ZHA)

Chuyén dé: Gigi han cta Hé théng Gondola
(BMU) truyén théng va Su trdi day clia Robot
Tu hanh trén Bé mat Tham so

DAN NHAP: SU SUP PO CUA HE QUY
CHIEU CARTESIAN TRONG BAO TRi
CONG TRINH

Trong kién tric cta Zaha Hadid Architects,
hinh hoc khéng don thuan la khong gian bao
che; né la mét trudong vector lién tuc, nai san,
tuong va mai triét tiéu cac ranh gidi phan tach.
Su chuyén dich m6 thiec tir Kién tric Euclid
(cac khaoi hop truc giao, phuong thang diang
chiém uu thé) sang Parametricism (Cha nghia
Tham s6 - hinh thai hoc té pé dong chay) da
truc ti€p bién hé thong Gondola (Building
Maintenance Unit - BMU) dung cap treo trong
luc truyén théng thanh mét gidi phap bat kha
thi vé mat vat ly va nguy hiém vé mat
dong hoc.

ZH-CH15-P01 / Thach thirc lam sach phi tuyén

Khi phuong phap trong luc roi tu do that bai trudc cac bé mat am (undercuts), cdc dudng cong yén
ngua va goc nghiéng bién thién lién tuc, viéc bao tri mat dung doi héi mot su chuyén giao cng
nghé sang cac hé thong bay tu hanh (Autonomous Drone Systems).

1. HINH HOC PHI TUYEN: LOGIC TOAN HOC CUA BE MAT CONG KEP

Triét ly ctia ZHA dua trén toan hoc vi phan va hinh hoc phi Euclid, khai thac triét d€ cadc bé mat
cong tu do (Freeform surfaces) thong qua cau trdc dir liéu Non-Uniform Rational B-Splines
(NURBS).

1.1. Ma tran Do cong Gauss (Gaussian Curvature - K)

Mot bé mat S(u, v) dugc phan tich théng qua hai do cong chinh k1 va kz:
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