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SUMMARY: A forecast model for pluvial floods and their consequences is developed. It consists of the components:
(1) short-term rainfall forecast using multiple data sources, among which are also Social Media and Volunteered Geographic
Information (VGI) data; (2) a detailed 1D sewer and 2D surface flow model; (3) an Artificial Neural Networks-based flooding
model for fast prediction of flooded areas; (4) a 3D subsurface model for saturated and variably saturated subsurface flow
coupled with the 1D/2D model, (5) a particle based transport model for fast prediction of travel pathsandtimes of contaminants
afterspill; and(6) apluvialflooddamageestimationmodel. The surfacetopography is based on a Digital Terrain Modelrefined by

aMobile Mapping Lidar.
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1. INTRODUCTION

Extreme rainfall leads to failure of drainage
systems and flooding of the surface. A cascading
potential damage is the accidental release of
hazardous substances, which may endanger
groundwater and surface water quality. We are
developing a pluvial forecast model for rainfall, related
flow, flow paths and times of contaminant transport in
the sewer system, on the surface and subsurface and rapid
damage estimation for the city of Hannover. Additional
information about extreme rainfall and/or flooding is
collected via mobile phone apps and analysing tweets.
The structure ofthe pluvial flood forecast model consists
ofdifferentsub-models,asshowninFig. 1.
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Fig. 1: Structure of the pluvial flood forecast model

2. SHORT TIME RAINFALL FORECAST

Accurate estimates of rainfall intensities with high
spatial and temporal resolution are crucial for predicting
flows and issuing adequately pluvial flood warnings.
Radar data are used nowadays as a rainfall product for
the urban models to distinguish, track and predict the
movement of rainfall storms (Achleitner et al., 2009;
Li et al.,, 1995). Nevertheless, the estimation and
prediction of rainfall quantities from radar data still
suffers from high errors (Seo et al., 1990). In this regard,
the objective of this sub-project is to improve the
rainfall quantification for pluvial flood now casting by
1) achieving a better representation of the rainfall field
through merging different types of rainfall data sources,
2) developing a new forecast model for the city of
Hannover with improved lead-time and 3) addressing
the issue of uncertainty via ensemble members.

The present study is focused on the improvement of
the precipitation estimates by merging radar and gauge
data with a special focus on extreme events. Different
techniques applied from hourly to daily durations have
been investigated to merge appropriately the high
spatial resolution of radar with the high accuracy of
station data (Goudenhoofdt and Delobbe, 2009; Rabiei
and Haberlandt, 2015). So far, only a few studies have
investigated the merging on fine temporal resolution for
urban flood forecasting (Berndt et al., 2014; Wang et
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al., 2013). To investigate the benefit of merged in
contrast to single rainfall data on 5 min time steps, three
methods combining radar and gauge data are
implemented here: mean field bias correction, quantile
mapping based bias correction and conditional merging.
Tab. 1 illustrates the methods used and their temporal
window of combining station and radarintensities.

The study area is the Hannover radar range where
data from 79 DWD gauges and radar station are
available in 5 min time steps for the period 2006-2012.
C-band radar data are provided by DWD as raw
reflectivitywithanazimuthangleof1°andareconvertedto
rainfall intensities according to the DWD Z-R

relationship (Z=256R'#?) (Riedl, 1986; Seltmann,
1997). The merging methods are tested by splitsampling
over 80 pre-selected events and compared against raw
radar data and kriging interpolation of stations. The
performance criteria are calculated per station and event
for time steps with rainfall intensities higher than a
defined threshold. Since the study focusses on
forecasting, the methods are implemented online
where only past time steps are used as information for
merging and the raw radar data are corrected by
applying a simple clutter and erroneous beam
correction as described in Berndt et al. (2014).

Tab.1.Description ofthe products and merging methods used for the fine temporal
(5min) and spatial (1 km?) resolution of rainfall intensities”!.

Methods Time window Symbol

Raw radar data (ref.) - RR

Ordinary kriging interpolation of gauge data (ref.) - OK
Mean field bias of raw radar data 60 min MFB

Quantile mapping based bias correction of raw radar data 180 min QQ
Conditional merging of smoothed radar and gauge data 15 min CM1
Conditional merging of MFB corrected radarand gauge data 60 min CM2
Conditional merging of QQ corrected radar and gauge data 180 min CM3

*/Readers are guided to Berndt et al., (2014), Rabiei
and Haberlandt (2015) and Seo et al. (1999) for further
description of the methods.

From Fig. 2 it is visible that not all of the methods
have anadvantage towards the single data source. All the
three performance criteria show that the conditional
merging based on smoothed radar data (CMI)
outperforms the other merging methods. Fig. 3
illustrates the benefit of using CM1 towards the single
data sources RR (green) and OK (blue). Compared to
radar data, the use of CM improves considerably the
RMSE and the BIAS by 20%, however decreases the

RMSE[-]

BIAS[-]

correlation by 0.2. The application of CM smoothens
the radar information both in time and space before
merging, resulting so in a lower correlation. Compared
to the use of OK as well, the CM improves the
performance of RMSE, BIAS and even correlation by
respectively 15%, 20% and 0.25. The results show
clearly the advantage of the selected merging method
CMI1 towards the single data source. This gives way to
the application of the merging on forecasting and
investigating how the merging improves the estimation
of'the existing forecast algorithms.

PEARSON CORRELATION [-]

2.0
0.05

“B=glls=

1.5
-0.05

1.0

w
S

0.5

RR MFB QQ CM1 CM2 CM3 OK

w
™o
(=]

0.0

RR MFB QQ CM1 CM2 CM3 OK

1.0

HHQH||4

0.5

-0.5

-1.0

RR MFB QQ CM1 CM2 CM3 OK

Fig.2: The RMSE -normalized root mean square error (left), normalized bias (middle)
and Pearson correlation (right) of the selected merging methods applied online. Boxplots represent
station temporal errors for time steps higher >= 0.2 mm/5 min for all the events
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Fig. 3: Improvement of RMSE (left), bias (middle) and Pearson correlation (right) from comparison
of CM1 withradar data (CM1vsRR - green) and with interpolation of station data (CM 1 vsOK - blue).
The boxplots represent improvement of all stations in all the events. The green/red areas of the plot
indicate respectively that the CM1 performs better/worse than the single data

3. MODELLING ENVIRONMENT FOR SURFACE
FLOW MODELLING

A coupled 1D/2D sewer and surface model
(HYSTEM-EXTRAN 2D, itwh, 2015) is set up for the
entire city using a 50 cm Digital Terrain Model (DTM).
For fast forecasting of the flooding, we developed,
tested and validated a meta-model based on Artificial
Neural Networks (ANN) (Berkhahn et.al. 2017).
Simulation times of the meta-model are sufficiently short
to forecast pluvial floods.

For the test area in Hannover Oberricklingen, the
DTMintheroadareaisrefinedto 10cmbyusing datafrom
a Mobile Mapping System with a 10 cm resolution. The
Mobile Mapping System (MMS) captures very precise

(b)

3D-pointclouds in an area of approx. 200 m around the
roads, which is accessible by the Laser. The testarea has
been measured with such asystem and a DTM ofroadsin
10cm resolution [as shown in Fig. 4(a)] was generated
using ground filtering algorithms (Wack, 2002). This
DTM was merged with the 50cm resolution DTM
product from the local land-surveying agencyinorderto
fill the areas not covered by the MMS data. We applied
interpolation to smooth unexpected height jumps at
connecting borders of two DTMs. In this way, we
improved the resolutionofaS0cmresolution DTMinthe
road area to 10cm and achieved at the same time the
completeness of data in the test area [Fig. 4(b),

4(c), 4(d)].

(d)

Fig. 4: Digital Terrain Model (DTM) generated from point cloud measured by the
Mobile Mapping System (a). DTM fromlocal land surveying agency in 50cmresolution
(b), DTM measured by Mobile Mapping System in 10cm resolution (c) and DTM after merging (d)

4. SUBSURFACE FLOW MODEL

For the quantification of pluvial event-driven pipe
leakage in an urban system a three-dimensional
physically based subsurface flow model (SSFM) was
developed. This model calculates saturated-
unsaturated subsurface flow, pipe flow and exchange
fluxesbetweendefect pipesandthesoil.

In order to generate the SSFM, the numerical pipe
flow simulator HYSTEM-EXTRAN (itwh, 2015) was

coupled with the numerical groundwater simulator
OpenGeoSys (Kolditz et al., 2012). That novel shared-
memory coupling is based on a time step-wise (non-
iterative) updating of boundary conditions and source
terms. The coupled SSFM was successfully validated
and verified by numerically reproducing results from
two transient physical experiments and one steady-state
analytical solution.
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Fig.5:(a)Modeldomainandnumerical gridofacatchmentscale SSFM simulation.
Grey colors indicate the full pipe network, colorful pipes the defect pipe section,
the subsurface pressure distribution is given in blueish (positive) and reddish (negative) colors.
(b) Exfiltration and infiltration in the defect pipe segment. (c) Total leakage for each simulated event

The SSFM was applied to a series of transient
problems on different scales: single pipe defects, street
scale defects and catchment scale defects. For
simulations on a scale bigger than the single defect
scale, pipe leakage was up scaled using novel transfer
functions derived from numerical simulations. This
upscaling enables a significant reduction in
computation time.

A visualization of the model domain of a catchment
scale simulation is given in Fig. 5 (a). In that model, a
series of quadratic standard defects after Karpf (2012)
was distributed along the pipes in a hypothetical
scenario. Strong pluvial block rain events of 100 year,
50 year, 10 year and 0.5 year return periods (for a city
located in northern Germany) and hourly duration were
simulated and the total leakage volume was quantified.
Fig. 5 (b) shows the locations within the defect pipe
segment where pipe water exfiltrated into the subsurface
(exfiltration) and where groundwater infiltrated into the
pipe segment (infiltration). Fig. 5 (c) shows total
leakage in form of exfiltration and infiltration and for
each pluvial event.

5. PARTICLE BASED TRANSPORT MODEL

Due to high water levels during pluvial flooding, the
risk of mobilization of potentially dangerous substances
increases. High precipitation may lead to exceeding the
capacity of urban drainage systems, resulting in
interaction flow between pipes and surface via
manholes and street inlets, so that the transport paths are
notnecessarily clear. One aim of the project is to develop
a real time contaminant spreading forecasting model,
which helps civil protection and disaster management
authorities to deal with hazardous substances in case that
they are spilled during a pluvial flood event. Temporal

connections between pipes due to overland flow as well
as due to possibly reversed flow directions create
complex dynamic flow patterns. The problem for the
project is that computation times are long when solute
transport is calculated coupled to a hydrodynamic
model. Therefore, a particle based transport model for
fast prediction of travel paths of contaminants has been
setupthatisindependentofthehydraulicmodel, butreads
in velocities at given time steps. Advection, mixing and
dispersion is captured in the model by using a time
explicitrandom-walk approach (Banton et al., 1997).

Particles represent a solute mass in a drainage
network after an accidental spill. Assuming that injected
substances have a negligible volume, they do not affect
the flow field. Also, density effects are neglected. A
dynamic flow field, matching the actual heavy rainfall
event, is chosen from an assembly of pre-calculated
simulations using a Nearest-Neighbor approach (Lall &
Sharma, 1996). The selected flow field is used to
calculate the advective transport velocity in a one
dimensional pipe network. Diffusion and mixing are
accounted for with a random jump in each time step,
scaled withthesquarerootofadispersion factorof2 m?/s
(Schliitter & Mark,2003). Theparticletransport model is
validated against a finite volume model with very fine
spatial and temporal discretization, reproducing a
concentration peak in a pipe with a discharge wave after
several kilometers. The advantage ofthis particle model
isthe easy way to track the path of contaminants. Another
benefit is its conservation of mass and the low
numerical diffusion, which is essential for a good
prediction of solute concentration.
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Tig. 6: Contamination in pipe network and mass spill out breakt }Bué curve.

An example of the model is shown above. A scenario
spill event was run and the model shows clearly
contaminated pipes and a breakthrough curve with two
mass peaks at an outlet. These peaks were created by a
split at a junction in the pipe system and a later reunion
(Fig. 6).

The model is also coupled to a surface flow model
to take storage in ponds and transport with overland
flow on streets into account. A detailed description can
be found in “Lagrangean particle transport model for
real-time solute spreading forecasting in an urban
drainage system‘ (Sdmann et al.,2017)

6. RISK QUANTIFICATION

To quantify the pluvial flood risk, we will combine
the flow model with a pluvial flood damage model. We
develop a new probabilistic multi-variable damage
estimation model based on empirical data. First, a tree-
based machine-learning algorithm is used to identify

Send requests to Apps

the most important damage influencing factors out of a
set of 35 candidate variables. Second, the most
important variables are used to derive the pluvial flood
damage estimation model by learning a Bayesian
Network (BN). By inherently providing quantitative
uncertainty information and the possibility to include
expert knowledge, the BN damage model is expected to
outperform existing approaches in terms of spatial and
temporal transfer (Schroter et al. 2014).

7. CROWD SOURCING FOR DISTRIBUTED
DATA ACQUISITION

A fast developing method for data acquisition is
crowd sourcing, which aims at collecting useful
information containing location information from
voluntarily users. For collecting crowd-sourcing
information, exchanging of necessary information
between subprojects and visualizing of the prediction
results, we propose a data infrastructure (Fig. 7).
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Fig. 7: Design of data infrastructure for EVUS project.
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Reports from wusers are collected with two

approaches, a participatory approach and an
opportunistic  approach. For the participatory
approach, it requires a conscious and active

participation by the users. To this end, we developed a
mobile phone app to collect reports from users, which
contains their location and our desired information,
such as rain intensity, range of inundation area, and
occurrence of contaminations (Fig. 8). For the

opportunistic approach, information is acquired in a
quasi-unconscious and passive manner. Therefore, we
developed an approach to identify and localize rainfall
events from social media (Feng & Sester, 2017). As
Twitter provides access to users’ posts in real-time,
we developed algorithms based on Natural Language
Processing and spatiotemporal clustering to extract
rainfall-relevant events from geo-tagged Tweets

(Fig. 8).
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The crowd sourcing information then serves as
necessary inputs for contaminants movement analysis
and short time rainfall forecasting. Finally, the results
will be visualized in a web interface and will be made
available for city governors, fire fighters and public users
inHannover(Fig.7).

8. CONCLUSIONS

The model environment has been developed and
tested for a sub-catchment. The individual models are
developed and will be further tested, enhanced and
validated. First experiments with processing of crowd
sourcing of rainfall event data have been conducted.
Images from social media platforms will be analyzed
with Deep Learning approaches to investigate their
potential for rainfall event detection. In a next step, the
modellingsystemwillbeimplementedfortheentirecityof
Hannover. The complementation of pluvial flood
warning withinformationaboutpotential flood impactsis
an innovative enhancement to better support decision
making inemergency management.
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THIET KE KIEN TRUC MAU NHA O CONG NHAN
THEO PHUONG PHAP MO-DUN HOA
ARCHITECTURAL DESIGN OF HOUSING MODEL FOR WORKERS
BY MODULARIZATION METHOD

TS. KTS. Nguyén Diing' KTS. Nguyén Tung Lam®
'Vién Khoa hoc cong nghé xay dung, Email: dungkts62(@gmail.com
*Truong Pai hoc Kién triic Ha Ngi.

TOM TAT: “Theo théng ké cua Téng lién doan Lao dong Viét Nam, hién ca nudc co 2,8 triéu cong nhén tai cac khu cong
nghiép, khu ché xuét, trong d6 ¢6 1,7 triéu ngudi ¢6 nhu cau vé nha 6. Trong khi d0, theo sb lidu tir B6 Xay dung, trén
pham vi ca nu6c, méi hoan thanh dau tu xdy dyng 87 dy 4n nha ¢ xa hdi cho cong nhén khu cong nghiép, quy mé xay dung
khoang 28.800 can hg, méi dap ing duge gan 28% nhu cau vé nha ¢ cho cong nhan. Nhu vay, so lugng nha ¢ can dau tu
xdy dung dé dap tmg nhu cau vé nha & cho cong nhan khu cong nghiép 1a rat 16n”. Bé dap ung nhu cau vé nha & cho cong
nhan, can nghién ciru mg dung cong ngh¢ san xuit nha hang loat dé rut ngan thoi gian thi cong va ha gia thanh x4y dung.
Thiét ké kién tric miu nha ¢ cong nhan trén co s6 mé dun hoa trong nghién ciru nay 1a budc khoi dau nham trién khai mot
du 4n nghién ctru 16n hon trong twong lai gan.

TU KHOA: Nha & cong nhan, mo-dun héa.

ABSTRACT: "According to statistics of the Vietnam General Confederation of Labor, at present, there are 2.8 million
workers in industrial zones and export processing zones in the country, of which 1.7 million need housing. Meanwhile,
according to data from the Ministry of Construction, the country only meets nearly 28% of demand for housing for
workers. Thus, the number of houses that need to be built to meet the demand for housing for workers in industrial zones is
huge". In order to meet the demand for housing for workers, it is necessary to study and apply the technology of mass
production to shorten construction time and lower construction costs. A sample of architectural design typical of worker
housing by modularization method in this study is the first step to implement a larger research project in the near future.

KEYWORDS: Housing for workers, modularization method.

1. TINH HINH NGHIEN CUU, THIET KE MAU Kim Chung, Péng Anh, Ha Noi... Tai phia Nam,

NHA O CONG NHAN TRONG NUOC

Ké tir nim 2005 khi Luat Nha ¢ dé cap t6i chinh
sach phat trién nha ¢ xa hoi va sau d6, nim 2009 khi
Chinh phii ban hanh Nghi quyét s 18/NQ-CP “Vé
mot s6 co ché, chinh sach nham dday manh phdt trién
nha o cho hoc sinh, sinh vién cac co so dao tao va
nha ¢ cho cong nhan lao dong tai cac khu cong
nghiép tdp trung, nguoi cé thu nhdp thap tai khu vuc
dé6 thi”, nha ¢ xa hoi no6i chung va nha cong nhén noi
riéng da thuc sy dugc toan xa hdi quan tam va dau tu
phat trién. Nhiéu nghién ctru, thiét ké vé cac mau nha
& cong nhan da duoc dé xuit va cac khu nha ¢ cong
nhan dugc hinh thanh ciing ngay mot nhiéu. Dién hinh
¢6 Cong ty Sam Sung Bic Ninh dang hd trg xdy dung
nha cho hang nghin céng nhéan tai khu cong nghiép Yén
Phong, Bic Ninh. Cong ty Sam Sung Thai Nguyén da
dau tu xdy dung khoang 2.470 cin ho tai Khu cong
nghiép Yén Binh 1, tinh Thai Nguyén dé giai quyét
chd & cho khoang 20 000 cong nhan. Tong cong ty
Vinaconex ciing da hoan thanh 1.100 can ho dap ung
cho khoang 5.500 cong nhan tai Khu cong nghiép

Téng cong ty Becamex Binh Duong di hoan thanh
dau tu xdy dung trén 3.500 cin hd cho cong nhén tai
Binh Duong, Tong cong ty IDICO (Bo Xay dung) da
hoan thanh d4u trr xdy dung khoang 1.100 cin ho cho
cong nhan tai tinh Péng Nai. Trén dia ban tinh Ha
Nam hién dang trién khai hai du 4n nha & cho cong
nhan, mot dy 4an do Téng Lién doan Lao dong Viét
Nam thuc hién vé6i dién tich 4,2 ha va mét du an xa
héi héa do tur nhan tw bo tién dau tu, dugc trién khai
trén khu dat rong 2.000 m>. [1]

Hinh 1. Nha ¢ cong nhan tai Cong ty Sam Sung, khu
cong nghi€p Yén Phong, Bac Ninh. Anh: Nguyén Diing
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Hinh 2. Nha ¢ cong nhan tai khu cong nghiép
Hiép Phudc. Anh: suu tam.

Nim 2012, S¢ Xay dung thanh phd Ha Noi ciing
da cong bd Bo thiét co s¢ mau nha & xa hoi, nha & cho
ngudi c6 thu nhap thdp, nha ¢ phuc vu di dan giai
phong mit bang, nha ¢ cho hoc sinh, sinh vién cic co
s¢ dao tao va nha ¢ cho cong nhan lao dong tai céc
KCN tip trung xay dung trén dia ban thanh phd
Ha Noi. “Theo d6, Bo thiét ké co s¢ miu nha ¢ trén
bao g6m 25 tap, trong do co6 3 tap thiét ké co s& Mau
nha & xa hoi; 10 tap thiét ké co s6 Mau nha ¢ cho
ngudi thu nhép thap; 5 tap thiét ké co s Mau nha ¢
phuc vu di dan GPMB; 3 tép thiét ké co s6 Mau nha &
hoc sinh, sinh vién cac co s¢ ddo tao va 4 tap thiét ké
co s& MAu nha & cong nhan lao dong tai cac khu cong
nghiép tép trung. Riéng du an nha ¢ xa hoi sir dung
von ngan sach déu phai nghién ctru ap dung mau dugc
cong bé trong Bo thiét ké co so mau nha ¢ nay”. [2]
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Hinh 3. M6t mau thiét ké dién hinh nha & cong nhan
trong bd thiét k€ mau ciia Ha Noi. [3]
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Hinh 4. M6t mau nha ¢ cong nhan trong bo thiét ké
mau dién hinh cia Bo Xay dung. [3]
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MAN TKDH CUA BXD MAY TEDH CUA T2 HA NOH

Hinh 5. MAu nha & cong nhan cia VINACONEX
Xuén Mai. [3]

rih | IMH*'I

Hinh 6. Mat béng can ho dién hinh, nha & cong nhan
trong bd thiet ké mau cua Ha Noi. [3]

Céc thiét k& mau néi trén da duoc nghién ctru trén
co s¢ kinh nghiém tir viéc thyc hién cac du an nha &
trén dia ban Ha Noi trong thoi gian qua. Tuy nhién,
cac thiét ké mau moi chu trong vao dién hinh hoa vé:

- Chi tiéu dién tich ¢, dién tich khu phu (v¢ sinh,
phoi do...);

- Kich thuéc trang thiét bi phuc vu sinh hoat cac
nhan hang ngay va khong gian can thiét d¢ st dung
cac trang thict bi;

- Nhan tric ngudi Viét Nam;

- Pién hinh vé cdu kién (sir dung cau kién lap
ghép cua bé tong Xuan Mai);

- Pién hinh v¢é trang thiét bi vé sinh (Viglacera).

Céac méu chua dé cap t6i kha ning mg dung cong
nghe san xuit nha hang loat nham ting nang suit va
ha gia thanh. Trén thyc té, cac khu nha & cOong nhan
trong ca nude déu duoc xdy dung theo phuong phap
truyén thong (xay dung don chiéc theo cac cong nghé
x@y dyng thong thuong nhu nha xay gach, nha khung
bé tong cot thép db tai chd co tuong xay gach...).
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2. CONG NGHE XAY DUNG NHA TIEN CHE
TREN THE GIOI
Khi thye hién khao sat ¢ nudc ngoai hoac tim hiéu

trén mang, chung ta co thé thay cong nghé tién ché
trong xdy dung nha da co tur rat lau, da tr¢ thanh phd
bién boi tinh wu viét vé chat luong thi cong cao, thoi
gian thi cong nhanh va gia thanh ha.

A Modular High-Rise

The developer of Atlantic Yards in Brooklyn is explaring plans to build

what would be the tallest prefabricated steel structure in the world, a

34-story apartment building. The *modules” could be built in a factory
and bolted together on-site, as in this hypothetical section:

PREFABRICATED
STEEL BRAGE

After delivery by truck,
individual medules are put
into place by crane.

STEEL FRAME

Modules may
include bathrooms
and kilchens.

Each module has its own
steel frame, providing structural
integrity for the building.

HLUSTIRATION Y FRANK (/CONRELL

Hinh 7. M6t sb hinh anh vé thi cong xdy dung nha &
theo cong ngh¢ tién ché (anh suu tam)
2.1. Cong ty Guerdon

Xay dung kiéu mo- -dun, noi céac toa nha dugc tao
ra trong cac diéu kién gidng nhu nha may va sau do

duogc lép rap tai chd, khong phai 1a méi. Cac ngdi nha
gia dinh don 1¢ kiéu mo-dun khong dit tién da tro
thanh mot yéu t6 chu chdt trong nhiéu thap ky &
Hoa Ky va trén thé gidi, va xay dung mé-dun cho cac
toa nha thuong mai nhu can hd va khach san da trg
thanh tiéu chuan & Chau Au va Trung Qudc trong
nhiéu nam. Guerdon x4y dung cac du an ciia minh cho
Canada va 10 bang mién Tay. Ngoai ra, chi phi véan
chuyén cac mo-dun t6i cong truong 1a khong dang ké.
Ly do chinh cho su ting truéng mo-dun 1a chi phi lao
dong giam va chét luong san pham ting. Cong ty dang
phat trién manh & Idaho. Cong ty di ngimg xay dung
nha mo-dun gia dinh don 1é gan 20 nim trudc va
chuyén sang cac toa nha chung cu va sau d6 1a nha
"trai nam" (man camp) can thiét trong thoi gian bung
nd diu & Bic Dakota tir khoang nim 2009 dén nim
2014. Cong ty xay dung khach san dau tién cho cong
nhan cong ty diu moé & Stanley, ND va sau d6 duoc
Marriott thué xay khach san kiéu mo-dun dau tién ciia
chudi & Folsom, Calif.

2.2. Sang kién Marriott

Xay dung kiéu mé- -dun, d6i khi sir dung container
van chuyén, da trd nén rat pho bién trong cac nha xay
dung nha nho va trong sd cac cha nha tim cach cat
giam luong khi thai carbon cua ho. Nhung phai mat
mot thoi gian dé moé-dun duge chip nhén trong céac
linh vuc kinh doanh chinh ctia Hoa Ky nhu xay dung
khach san. Marriott d3 dan dau nganh khach san st
dung mo-dun, va 1a khach hang dau tién khi Guerdon
budc vao hoat dong xay dung khach san khoang nam
nam trudc. Bay gio, Guerdon dang lam vi¢c cho céc
du an cua Holiday Inn Express, Hampton Inn and
Suites va Hyatt. Mot loi thé cua viéc xay dung
mo-dun 14 cong viée co thé bat dau trén cac phong cua
khach san ¢ tai nha may trong khi cong truong dang
duoc trién khai & mot noi khac.

Cac phong khach san ¢ méi Dual-branded
Marriott Hotel gf?m Los Angeles, du kién s& mo vao
nam 2018. Cau triic s& 12 mot khach san kiéu méo-dun,
duoc tao thanh tir cac khdi duoc tao ra trong sudt sau
thang trén san nha may cua coéng ty Guerdon
Enterprises LLC cua Boise va sau d6 dugc van
chuyén dén L.A. dé duogc lap rap trén cong truong. Do
12 mot phuong thirc xay dyng dang trd nén phd bién
hon khi cac nha xdy duyng khach san tim cach tiét
ki€m thoi gian va tién bac. Marriott bat dau nghién
ctru xdy dung mo-dun vao nam 2014 va bat dau sir
dung mo-dun vao nam 2015. Trong mdt hoi nghi vao
mua xuan nam do tai Los Angeles, Marriott da trinh
dién (ra mat) phong khach Courtyard by Marriott do
Guerdon san xuét. Chudi khach san da cong bd ngay
1 thang 5 riang ho du kién s& ky 50 giao dich khach
san trong nam nay su dung phong khach hoac phong
tdm duc sin. Marriott d@ mé mot khach san theo sang
kién kiéu mé-dun, 97 phong nghi cua Fairfield Inn &
Suites & Folsom, Calif., do Geurdon san xuét tai nha
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may. Thém bén chiéc Marriot dugc xay dung boi
Guerdon dang dugc xay dung & Pullman, Wash.,
thanh phé Oklahoma, Louisville, Kentucky va Chapel
Hill, N.C.

"Xay dung 1a bién gidi tiép theo cho sy ddi méi,
va mo-dun dang dan dau," Eric Jacobs, giam déc phat
trién cua Select Brands, Bic My, mot thuong hiéu
trung cap ctia Marriott cho biét.

Hinh 8. Mt mo-dun c6 chira hai ddy phong khach san
hoan chinh dugc xay dung trong nha may Boerdon’s
Boise dugc dat ¢ vi tri trong khuon vién cua Pai hoc

Washington State & Pullman, Wash, m6-dun nay
1a mot trong s6 62 phong tao nén Courtyard by
Marriott v&i 114 phong. Anh: Guerdon. [4]

Hinh 9. Cac cong nhan dang két nbi cac mo-dun
trong qua trinh 1ip dit céu ctia Bricktown AC by
Marriott & thanh phé Oklahoma. Tam muoi mdt
mo-dun, tit ca dugc xay dung trong nha may
Boerdon’s Boise, dén v&i nhau dé tao nén khach san
g6m 142 phong. Anh: Guerdon. [4]

3. THIET KE MAU NHA O CONG NHAN THEO
PHUONG PHAP MO-DUN HOA

Cén cir vao cac nhu cau co ban cia nguoi cong
nhan, cac yéu cau vé khong gian song toi thi€u cho
nguoi cong nhan dugc tinh todn trén co so khoi tich
toi thiéu dam bdo vé sinh [5], nhom tac gia dé xuat
cac chi tiéu ¢ vé dién tich nhu sau:

- Mdi ho duoc tinh cho tbi da cho 04 nguoi (hai
nguoi 16n, hai tré em);

- Dién tich cin ho: 35 — 50 m’;

- 01 budng vé sinh (c6 tim dimg): 2,4m?*;
- 01 16 gia (da chirc ning): 3m’.
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Hinh 10. Miu mé-dun A. Can ho ¢6 3 budng
(2 budng ngu), dién tich 51,8m2; mdi cin ho tao thanh
1 mo-dun ¢6 cac canh bﬁng 7,2m x 7,2m X 3m
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Hinh 11. Miu mé-dun B. Cin ho 1 budng (26m?) va
mot gac ling (13m?); ¢t 2 cin ho tao thanh mot mo-dun
hinh hop c6 céc canh bang 7.2m x 7,2m x 4,5m
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Hinh 12. Cac mo-dun cé két cdu bang hé khung thép
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Hinh 13. Cac mo-dun duoc bao che bz"mg vat liéu hoan
thién nhe, lap ghép

Céc mo-dun duge lién két voi nhau theo phuong
dung va theo phuong ngang qua hé khdp nbi dé tao
thanh mot t6 hop cong trinh co nhiéu tang, nhiéu cin
ho mot cach tuy bién, linh hoat. Mt t dimg cua cdc can
h ciing duge lap dung theo cac mau thiét ké co hoa
tiét va mau sic khac nhau, tao nén cac khéi nha c6
mit ding khac nhau, phong phu vé kiéu dang va mau
sdc va c6 thé thay doi duoc.

Giita cac mo-dun cin ho 1a cac ciu kién lap ghép
tao thanh hanh lang tang, cau thang.

Hinh 14. M6t miu nha lap ghép dang duoc
nghién cuu trién khai tai Vién KHCN Xay dung

Hinh 15. Thi cong tim san nhe Cemboard

Hé¢ khung tao mo-dun béng hop kim hodc vat liéu
hdn hop dam bao do cimg nhung nhe va chdng chay.

Vit liéu bao che cac mo-dun 1a cac vét liéu nhe,
c6 kha nang cach am, cach nhiét, chéng chdy va
chéng tham tot (kha phong phu, da dang va pho bién
hién nay nhu tAm bé tong nhe ALC, LC, tdm thach
cao, tim cemboard...).

Hé théng cira di, ctra s6, mat dung dugc lam bz"mg
cac vat li€u thong thuong nhu go cong nghiép,
nhom, kinh.

Mit ding sir dung céc thanh bang bé tong chuyén
dung, vt liéu composite hodc hgp kim nhom.

Trén noc budng thang dit bé nude.

Mai nha c6 thé dugc dit cac tim pin nang lugng
mat trdi, trong cdy xanh, cdy thuy sinh dé tang gia cai
thién doi song, hodac dé dung chung cho cac hoat dong
phoi phong, hong mat, vui choi...

THANH LW CHE NING

Hinh 16a. Cac mé-dun A va B duoc t6 hop thanh
cac nhom can ho dé tao nén mot khoi nha &
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MAT BANG CAN HO €O GAC LUNG MAT BANG GAC LUNG CAN HO

Hinh 16b. Cac mé-dun A va B duoc td hop thanh
cac nhom can hd dé tao nén mot khoi nha &
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9 Ca g g
MAT BANG TANG DIEN HINH KHU 6 CO TTTM|

Hinh 17a. Cac nhém can ho duoc td hop theo nhiéu
phuong &n khac nhau tao nén cac khu &

.........

oo |
MAT BANG TANG DIEN HINH KHU G 1

Hinh 17b. Cac nhém cin hd duge t6 hop theo nhiéu
phuong an khac nhau tao nén cac khu ¢

......
MAT BANG TANG DIEN HINH KHU G 1

Hinh 17¢. Cac nhém can ho duoc td hop theo nhiéu
phuong an khac nhau tao nén cac khu &

o

> - ‘ :
Hinh 18. Minh hoa ndi thit cin ho ¢ gac ling

S ne

500

Hinh 19. Mt ding minh hoa mét khu nha &
cong nhan theo phuong phédp mo-dun hoa

Hinh 20. Phbi canh minh hoa mot khu nha & cong
nhan theo phuong phap mé-dun hoa.

(1]
(2]

(3]

(4]

[3]

TAI LIEU THAM KHAO

https://dautubds.baodautu.vn/nha-o-cong-nhan-
moi-dat-28-nhu-cau-d77969.html.

https://hanoi.gov.vn/huong_toi_dai_hoi_dang/-
/hn/FINMIsYREDd4/7320/100985/5/cong-bo-bo-
thiet-ke-co-so-cac-mau-nha-o-xa-
hoi.html;jsessionid=S+F4zcHBbTCEGKIT-
avn7QVP.app2.

B6 thiét ké co s6 mau nha & xd hoi tai Hoi nghi
cong bd mau thiét ké dién hinh nha & xa hoi trén
dia ban thanh phd Ha Noi ngay 04/11/2010 cua
UBND TP. Ha Néi.
https://idahobusinessreview.com/2017/07/06/piecing-
it-together-hotels-turn-to-modular-construction-
for-savings-in-money-and-time/.

Nguyén Diing (2013). Nha ¢ céng nhin — Co so
khoa hoc té chirc khéng gian song. Tuyén tap bao
cao hoi nghi khoa hoc ky niém 50 nam ngay thanh
1ap Vién KHCN Xay dung. Phan 1.
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