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Timber

Timeless
Architectural Aesthetic

Long-term Durability
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K e

Strength

(Horyuji Temple: 1,417 years old — Taken onsite)



Timber

“Hygroscopic Material”

Sensitive to the environmental factors:
Temperature, Moisture, Light

Susceptible to biological factors:
FunNgi, insects

Decay over time

piSobyo Temple — Taken on 2 [ |t \ by [ ‘ ‘ 11 o



Climate
Change

Dynamic change in:

Temperature
3 Moisture
| Precipitation

(source: https://www.space com/what-is-climate-change-explained)



Remforcement
Learning

Shows the positive results in the
large engineering infrastructure
inspection and maintenance




Research Questions

‘How can reinforcement learning consider climate
change effects to inform inspection and maintenance
for timber structures?”
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Timber Properties

Strength

P L7

VZ—

Radial (R)

<7

V==

<7

V==

Longitudinal by ~ (Gedeon ,1999)

<7

V77—

<7

=

Wood Species Fiber Directions



Timber Properties

Factors that impact timber deterioration

.« e YL
O NE O3
° . 0 @_ - ~
* /1 \
Chemical and physical Biologic Degradation
agents
Weathering: Fungi
* UV radiation Insects

* Temperature
* Moisture & Humidity
* Rainwater

Fire

Degradation through
time

Damage accumulation effect
(Duration of Load effect: DOL)

Chemical changes in wood
cells (Wood aging)
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Timber Properties

Factors that impact timber deterioration
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Timber Deterioration

Decay Fungi

In Building Envelope mmmm Exposed to the weather
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Wet Day
Component’s Component’s
geometry geometr.y &
connection
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Climate Change

Climate scenarios
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Mitigation Policy

CO, emissions for SSP-based scenarios

and C1-C8 categories
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Adaptation Policy

Temperature for SSP-based scenarios over the Risks

21tcentury and C1-C8 at 2100 can be
represented as

“burning embers”
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regions, and in the South American Monsoon region.

heat extremes

< TT hange (°C)
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b) Annual mean total column soil moisture (hange Projections of annual mean soil moisture largely follow
projections in annual mean precipitation but also show

.——:—rg change(o) some differences due to the influence of evapotranspiration.

small absolute

¢) Annual wettest-day precipitation change Annual wettest day precipitation is projected to increase changes may
change (%) in almost all continental regions, even in regions where gppear large as
g8 projected annual mean soil moisture declines. lopocIanges
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(IPCC, 2023a)
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Framework dynamic policy under climate
change
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Case Study

Toshodai-ji Temple Kondo (Golden Hall): 8t century (1244 years)

-
:
=
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Case Study

Toshodai-ji Temple Kondo (Golden Hall): location

9 Nara, Japan
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Case Study

Toshodai-ji Temple Kondo (Golden Hall): climate data

-Temperature

Historical
SSP1-2.6

SSP2-4.5
SSP3-7.0
SSP5-8.5

_ Precipitation

Lol

(IR | ——
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Case Study

Toshodai-ji Temple Kondo (Golden Hall): wood type

Japanese Cypress: Hinoki

“Chamaecyparis obtuse”
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Case Study

Toshodai-ji Temple Kondo (Golden Hall): maintenance record

roof elevated

beam with

by 2.7m — lever action
“ A\ hanegi
=4 it /l ) TS
15.7m
netrating
Sl S0 R S 77 -
Edo nuki
17th c.
Built Partial Partial Partial Radical Radical

Radical
Repair Repair Repair restoration restoration restoration

780 800

900

traditional roof

base rafter jidaruki
supporting roof

eight directly

structure
(to be correct i
13m

curved beam
daikoryo
Original
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7 it

1000

22em
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% knee braces f

removed

-

2000
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Case Study

| n S p eCUO m a m d M a | n te n a n Ce p rocesses (Interviewing Mr. Akira Nishimura, Takenaka Carpentry)
Steel fastener

Minor
PRRLILLEL L >  maintenance
No critical

structural N > Replace -eeeeeeeeee .
damage :

Full disassembly

|nspection ............ .;

Noticeable critical
structural damage
that may lead to the .
failure ex. tilting Major

"""""" > maintenance




Case Study

Toshodai-ji Temple Kondo (Golden Hall)
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(Office of Cultural Assets Preservation, 2009) (Office of Cultural Assets Preservation, 2009)



Case Study

Toshodai-ji Temple Kondo (Golden Hall)
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Toshodai-ji Temple Kondo (Golden Hall)

Case Study
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Case Study

Deterioration Model

Components 5, 6, 8, 10, 11, 12, 13

mEmmmm Components 4, 7

Decay Depth

Decay Depth
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Case Study

Deterioration Model

Area Damaged (A)

Component 6
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Damaged Cross-sectional Area: A(0)-A(t)

Damaged Cross-sectional Area: A(0)-A(t)

A(0)

A(0)

Stochastic Deterioration Process

Gamma Process
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Case Study

Structural Analysis

Stress

ULS

SLS

T

Roof load

Bending Moment

‘a. ey
i

{000

i__
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Framework dynamic policy under climate

change

Climate Change

Degradation

Inspections

Reinforcement
Learning

Inspection and
maintenance
actions
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Reinforcement Learning (RL)

POMDP Framework

State,
Stimulus,
Situation

Learner + Decision Maker

o —>
( > Agent —_—
Reward, Action,
Gain, Response,
Payoff, Control
Cost
L Environment < -

Can be unknown, stochastic,

nonlinear, or complex
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Reinforcement Learning (RL)

POMDP Framework

r RL Algorithm

Partial re
- s

z

placement
,

2 7
5
AN h

Whole replacement
=

Observation O; Reward R, Action A,

N
DN

- Cost of
Maintenance
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Reinforcement Learning (RL)

POMDP Framework

Belief States

Transition Probabilities
Observation Probabilities
Action Space

Reward Functions

Discount Factor
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Reinforcement Learning (RL)

POMDP Framework

Belief States

Severe
! Damaged i
: : >

0.00

0.14
1

1
v
C.H. Wang, 2008

0.25 0.45 Cross-section
! ! area damage

1 1
v v

Loads + safety Loads
factor
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Reinforcement Learning (RL)

POMDP Framework

Belief States

1.0

0.8

0.6

0.4

0.2

0.0

20
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Reinforcement Learning (RL)

POMDP Framework

Transition Probabilities

p(solse) p(s1lso) p(szlse) p(ss3lso)

| 0 p(sils1) p(szlsy) p(sslsy)

Pl “f)‘l 0 0 plsals) plsslsy)
0: :O 5 O 5 p(s?|53)

1.0

}

0.8

/ﬁqrﬂj

0.6

0.4

=

0.2

0.0

h--+--ih--+--i--

0 20 40 60 80

100
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Reinforcement Learning (RL)

POMDP Framework

Observation Probabilities

1.0

0.8

0.6

0.4

0.2

0.0

[N

20

40 60

80 100
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Reinforcement Learning (RL)

POMDP Framework

Action Space

Reward Functions

1.0

0.8

0.6

0.4

0.2

0.0

[N

20

40 60

80 100
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Reinforcement Learning (RL)

POMDP Framework

Inspect  Steel faster - 1.0 1
0.8 4
0.6 -
cost: 0.1 of replacement
0.4 -
Replace component
0.2 1
0.0 A

0 20 40 60 80 100



Reinforcement Learning (RL)

POMDP Framework

Inspect

Replace component

Steel fastener

0.8 A

0.6 -

0.4 -

0.2 1

0.0 -

40

60

80

100

40



Reinforcement Learning (RL)

POMDP Framework

Inspect Steel fastener 1.0 A
0.8 A
0.6 -

0.4 -

Replace component

0.2 1

0.0 -

cost: 1.0 of replacement o) 20 40 60 80 100



Reinforcement Learning (RL

POMDP Framework

Inspect Steel fastener 1.0 A

0.8 A

0.6 -

——---S-——E———E-- y f = : ——:ﬁ-
--l--:---:---:- - [ &l ——+——:—-

. 044 i i iz S —

Replace component Reinforcement i ey i : t : 1
— [ - - : ; - -r@-—:--+--+--:—--:—-
- ] —a ’ -"_--ﬁ_--*--*--_ﬁ--_h-

0.2 1 : 7 - : : : : : : :

0.0 -

0 20 40 60 80 100



Reinforcement Learning (RL)

POMDP Framework

influenced by influenced equally by
Immediate outcomes the overall outcome

> Discount Factor
. ] v)

Discount Factor
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Reinforcement Learning (RL)

INnitial run

Component 6

Component 12

Component 10

Component 11

Component 8

Component 13

Time (years)
’ NN I S S S . .y

II mEmmmm Components 4, 7 \l
I l
I I
1 |
| I
R

’———————

Emmmm Components 1, 2

\

B
I 08
ZLos
I B
g
8o
.

\———————

\
l
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Reinforcement Learning (RL)

INnitial run

mmmmm Component 1 mEmmmm Component 2 mmmmm Component 4 Component 5 mmmmm Component 7

= = — = —
= = = = =22
= = = = =
08 - 08 - 08{ _ 08 - 08 = S0
= = = = ===
Zos Zos Zos / 206 205
F F H H F
£ o4 £ o4 £ oa 2 o4 £ o4
kS kS z < kS
S S - E—

Time (years)
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A Inspect
B Repair
B Replace

s Component 7’

ICIeS

I Component 2

s Component 4°

Component 5

B Component 1

Inspection & Maintenance Pol

INnitial run

2°

\ T,

/l_.»I s

4/4:

T T T T

2

1




Inspection & Maintenance Policies

2100

Built Partial Partial Partial Radical Radical Radical
Repair Repair Repair restoration restoration restoration
780 800 900 1000 1100 1200 1300 1400 1600 1700 180()‘“‘,,‘——““’15&)0 2000
Component 1 Component 7 | | | | | | | | | | |
2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
Component 2
2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
Component 4
2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
Component 5
2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
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Research Question

“How can reinforcement learning consider climate change effects
to inform inspection and maintenance for timber structures?”

48



Framework

“How can reinforcement learning consider climate change effects
to inform inspection and maintenance for timber structures?”

Building Decay Model

Climate Model

49



Framework

Reqguired Information

Building Decay Model

Climate Model
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Framework

Reqguired Information

i

Building Decay Model

Climate Model

average temperature

e

precipitation amount
51

/11/ Precipitation occasion
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Framework

Reqguired Information

wood durability

=

i

dimensions

~

-

connection types

=

Building Decay Model

Climate Model

average temperature

e

precipitation amount
52

precipitation occasion
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Framework

Reqguired Information

wood durability

=

dimensions

~

-

|

connection types

=

™I

Building

Decay Model

Climate Model

load cases

average temperature
53

ul
precipitation amount % wood strength

/11/ Precipitation occasion

111
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Framework

Reqguired Information

wood durability

dimensions
N
% &M methods

connection types

=

-

|

=

™I

Building

Decay Model

Climate Model

load cases

average temperature
54

ul
precipitation amount % wood strength
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