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ABSTRACT

Keywords: Retrofitted Moment Connections with Stiffeners, Doggy Moment Connection,
Structures in Fire

This research presented a series test of steel beam-to-column moment
connections in fires. Four full-scale beam-to-column moment connection
specimens were tested at elevated temperatures according to the standard
ISO-834 fire to verify the feasibility of the proposed method. In addition, a
detailed 3-D finite element model was developed to simulate the structural
behavior of the column-tree moment connection specimens in fire. The fire test
results show that the proposed method can effectively extend the fire endurance
time, reduce structural deformation, and raise the critical temperature to failure
for the beam-to-column moment connections. The numerical results obtained
from the 3-D finite element analyses for the four specimens successfully
simulated the fire test results.

Traditionally, to protect steel structures from fire damage, fire-protection
materials such as thermal insulation components are required by the
prescriptive-based fire protection design method. By applying the prescribed
thicknesses of fire-protection material on steel members as surface coatings, the
temperatures of steel members can be kept below the specified high
temperatures for the given fire durations, and steel members can achieve the fire
ratings required by code. However, this traditional method can add 30% to the
construction cost of bare steelwork and increase the construction time for steel
structures. Besides, these kinds of insulation materials are usually not recycled
and consume the energy.

However, experimental investigations of beam-to-column connections made
of full-scale structures are rarely reported in literature. The column-tree MRF is
a common steel construction design used in some high seismic risk regions due
to its better quality control in beam-to-column joint welding and its erection

efficiency during construction. The feasibility of this research is examined by

Xl
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four full-scale beam-to-column moment connection specimens in the

experimental portion of this study.
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Pl ETH A R R HEFER S S FRE G A B
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)T R E EE 0 R R L T 4R o SN a2 By
R E VR ELI-E i SRS A S AR
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T A A 2-1 HAES A 0 M HAEA T H %Y 25mm
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KF330xKW-3 45+ % 50kg & % 56 4 4 B & 4242 % 2 it 4s 4%
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(2) = UA > 4B 2-6(a)#77 °
(3) U Z[p I0Fgr T 4% -
(4) &4 p BT 4oB) 2-6(a)*T T o
(5) EF¥Fwz o
(6) £+ & o
(7) Bong: > grdadh e & 8 e 4o B 2-6(b)#7or -

22



(8) UT &% -

(9) THF AT 48 (EGW) = B 463t o

(10) 4 4 1T 5542 (EGW) > £ 534 1L+ 4o B 2-6(c)
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BB RS 4B AN BRI IR R R ¥

[E—
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Opct ~ Opca ~ Opcs fr Opca © T ¥ ¢h i@ * 4 o = -2 p|F T s
28 > B P8 EL 5 DE1—DE4-° 24 £ %% % Opei ~ dpp

5DE3 ‘ff—" 5DE4 ’ 'fif'gl 2-20 #7171 o
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3AR%BEAERENE
34l S PR FBF A %

hEsk 2 Ao A LR ¢ 2000 0 B TE 1A~ 100 ¥R
BRF TR LR S REE K A EEE R -

3.4.1.1 2000 = d &+ 7 78

2000 2 TR R AT AU AR KT B IR RS
Yo T S s S B R O ciE ] T R 2 AR o A
AT TR ST KR F 4 % S £~ (Load Cell)3# B~
SefViE o Ao ] 221 #F o
3.4.1.2 100 #g ;¢ &+ 778

By

N

-l
=

100 vt S TR R e A B b o
BE 5 3RS 0 100 @ R
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Al T R A RHEFLEND KEF TR FE &
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Ao B K E D BB RE At d > HENFERKRET
WAt RREEY AWk 1L 2000+ TTEE 1 E 100 HEF T
TR HE A B BT FERE 1L 20009+ 7 HE 4 2 50
ﬁ4%ﬁéﬁﬁ§°ﬁ)% o R IR iR DIIE S TF R

S PEE R o SRR A TR R

TR 4 e gEd HAlm 2 A e & %7a 3l res > H 7
Rtz DAl g % g A4 > T hie P HF AR 0 D
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A B 10 R 2w AT (2/3)
mff;aﬁ&g FREFELTA alni

Rt 2. 7 F o FEHEE LR 2-22 47% o
3415 §* kA

LR A 2 KB Y 2000 wEF o7 TR F 22 2000 R R 4 4 2E
T o AT WEAREFERLE  BREREHZTT2Z2ERIEE .
342 < A4F £ F %%

RRZHRTR Y 2 AT L B R T &Y 0 4B 2-23 #17 0 Hde A
AR PHET #1223V 7 B 7 CNS12514 & ISO 834 58 2178 o
W% & ASTM —E119 R 8= o S385% o 2% M it & 5 82
ROFARG A4S BRERAIT L SHERE R IR B
HBINR G DB AR363 0% 0 B4 s T4 BERG
T I AR2430F >R 40T > T4 o BN Ay 2
O AR S PR R S IR I I S A A
PAEw 2B R AIN
343 RRIRE

AERATR Y 2 R BIRE LR F =4 3 (potentiometer) -
LVDT(Linear Variable Differential Transformer) ~ #t 7. 8 7% (Thermal
Couple)if B34 B ERIFFHEEH ~ B R -

3.4.3.1 = # 2*(potentiometer)

WHRREY A A PR BT E RS o R
NOVOtechnik =~ 4 22 LWH 3| i=#H2+% U g pEEH R
s 4@ 2-24 7o o LWH k7 =43 # % 225mm ~ 400mm %
900mm = fE44eE 8 W > Ahded 220 i o ¥ ¢ i@ * Midori
o 2 A& LP-400FX =43 & Rl T e 8 o 4o B] 2-25 9951 o
LP-400FX = #3 3+ 1% * 400mm 3+ 4 2o 4ok 2-12 #757 ©
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SA Y RILL I RS A A P N R
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3432 LVDT
@k #rie * 22 LVDT(Linear Variable Differential Transformer)

% G.L.Collins = & #1424 & 2. LMT % 7|5 £ # R B 4§ 3-42
75 o LVDT d — BRHLA52 % &hdh F 2 - B2 B2 ¢ R4
ot s HFF R L L2 2k F 52 - RBRE > Hp 0
§ 70 - BEI-HE AR 2 KRB Y e KRB A s
REJrt B2 FEF HEHDERF - L ABLEEL- B
FZRMEHPAFRADRIARES L 0 Z TP LB BT
hItp e b - kgAY RS R A- BRI
GorEp omARBCL - FATHEmE? BB A FiEE
BB B g ST RE gL L5

R BT TR BRI TR
BRlFER G 33 28 o
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T W R o

F
W
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o
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WEk AT Y 2. # 7 48 ;% (Thermal Couple) § & 3+ 8 47
K-Type 3] > Haf# g R & F v i 1260C » FIt By @ % v 1 &
P AT AEIE S OORNIE IONCr fRMAFE TR 5 94
OGNI fof ~ 45~ 4F M~ AREg & 0 @ AR A WME - AT
BRIl AR S R EE AR 0 UE
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344 FRBE
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¢ SCXI-1000 fic & NI LabView 425 7 F # i& 7 F 4L B foze b o
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BB R RN EHFTREEE CLVDT FRARZ ZAETH

DA-100 p|27 PF-M2 f5fieie (7 5% T jc b & sekh s 22 &
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Pe1l (e F T3 N AMBEELVDT s 8P E# T M eb4is
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3.4.5 #eak
3.4.5.1 BlHran 2
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(FHRXR:2FT)
7 2-2 BB R
FHmEL e & B¢ % | Fy(MPa) | F(MPa)
44w 4L | SN490B | © 4w 4k 398 534
A jop SN490B | % fr4is | 396.56 524.59
4 12 SN490B | 4 frgwih | 396.56 524.59
A4k 4L | SN490B | © 4w 4k 343 494.8
B 32 |SN490C-FR| * R4 45 449.1 562.72
4 27 SN490B | # frémsh | 396.56 524.59
f404m4L | SN490B | ¥ R4w 45 398 534
C jop SN490B | # fr4mss | 396.56 524.59
4 27 SN490B | # frémih | 396.56 524.59
A4+ | SN490B | ° W44 398 534
D 4 22 SN490B | # fr4mss | 396.56 524.59
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5 R § -
frl AT
e | PR F g
iy i A &
A o | " i ” L
* C | & [mn| s |78 b e | res | - ,
b = 15 Moalg Mpa| » B | H @
Ceq pa pa x| -
0 =X
mm 0 bog | v s lc |
1 L ‘%E
T |
3=
6 11
L 12 325.000 -
: 80 17
12 nd 325~445 | 1A
A% 16 R
0.44 i
Vi 80
16.000 |0-18 + |325-445 12 E
" 55
L |oss|Le0j0.03], - ;}g
SN490B| 425 I R o 490~610| g0 gf> 23 [25%| - | 0|27
6dor| | T 305-445 PR B
Y - £ I
Bl 10mm
A2 18
Pl
4050 0.46 80| |23
11 |295-415 v4 (4 8| 1
A28 (0.0 - = P
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VAnY Y
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2R | peae |y

(C) (MPa) (%)
20.00 | 213625.00 | 1.00
100.00 | 19114226 | 0.89
300.00 | 163616.75 | 0.77
400.00 | 166325.14 | 0.78
500.00 | 124919.02 | 0.58
600.00 | 75211.29 0.35
700.00 | 51430.15 0.24
800.00 | 10282.25 0.05

(FR KR 42 7)
% 2-5SN490B 4k # & £ B B 378
F, F,

B E(C) 58 B (MPa) 7 (%) 55 B (MPa) F7TH(%)
20.00 396.56 1.00 524.59 1.00
100.00 364.84 0.92 466.89 0.89
200.00 333.11 0.84 493.11 0.94
300.00 285.52 0.72 508.85 0.97
400.00 265.70 0.67 456.39 0.87
500.00 230.00 0.58 325.25 0.62
600.00 154.66 0.39 183.61 0.35
650.00 107.07 0.27 131.15 0.25
700.00 67.42 0.17 83.93 0.16
750.00 47.59 0.12 62.95 0.12
800.00 35.69 0.09 57.70 0.11

(FREF: P 2 7)
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pEg | PETE g
B i o
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C|Si|Mn| P |" 7| g |fFReE | Fdm KR 5 | g i
Ceq| & Mpa| /& Mpa| * | - ’
9% | & NN
mm L || P |#F|TC|T
! 2| %
T | @
f=)
611}
% 12 - -
12 72} ) E }47
% 16 5 ‘F
0;34 % i
16.000 . |325~445 I b
0.18 = ~ 5
*1710.55(1.6010.02 25|15 271,
. 1A L
SN490C| A2 v | e | e | 0008 490-610{ 80 | oo |23 | o2 |02 | o | i
16,40 11 = | x| x| 325~445 a2 re
- - | & L =
5 o
AZ1F
4020 0.46 0| |23
E 2 1295-415 2|48 1
: - - 1
50,100 ?/'23 -
[V
(FRXH: *@ar)
# 2-7SNAQOC-FR 4p 4 2_ * F W2
" ?:‘r it 220 %)
‘ C Si Mn | Mo | Nb \% Ti
SN490C-FR| 0.080 | 0.230 | 0.900 | 0.330 | 0.024 | 0.036 | 0.015
(FHE KR 2TEP[27TD
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# 2-8 SNA9OC-FR 4 4 & & B R ™ 2 1§ * Holidrip
w R AR IR %
A A
C) #c #ic
(MPa) | (20)
20 |225919 | 1.00
100 |225683.9| 0.99
200 |215556.2| 0.95
300 [173303.2] 0.77
400 |138556.8] 0.61
500 [162031.9] 0.72
550 [157992.5] 0.70
600 [124210.6| 0.55
650 |119127.4] 0.53
700 [95221.32| 0.42
750 [56411.62| 0.25
800 [20995.42| 0.09
(FHKR: PH27)
# 2-9SN490C-FR 4 # £ & 8 B 378
F, F,

B E(C) 5% B (MPa) 7 (%) 5% B (MPa) 75 (%)
20.00 449.10 1.00 562.72 1.00
100.00 426.59 0.95 531.80 0.94
200.00 426.40 0.95 560.48 0.99
300.00 392.64 0.87 580.07 1.03
400.00 371.77 0.83 518.16 0.92
500.00 332.21 0.74 423 .43 0.75
550.00 299.24 0.67 373.99 0.66
600.00 256.93 0.57 313.93 0.55
650.00 191.23 0.43 228.80 0.40
700.00 124.05 0.28 156.86 0.27
750.00 72.26 0.16 90.30 0.16
800.00 32.88 0.07 52.97 0.09

(FRkF: ¢m2d)
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b A B b R LT 2 LA R (2/3)
WRARNRT L 7R

F 2-10 3 RFHLRIBTL
£

Xl 1
B | B Rl B =

1 DBI FER ol o4

DB2 SRR A 4
3 DB3 2 PR e 730mm A A
4 DB4 F e e
5 DCl1 #r4r b o=b 35mm At A
6 DC2 FHEFRL§® > =H
7 DC3 PREER GRS
8 DC4 B4 T =5 230mm a5
9 DEI1 3 #4r 230mm Al A
10 DE2 4 b #4r 230mm Al A
11 DE3 % PR 230mm Al #
12 DE4 4 PR 230mm it #

(FHR & 2T )

% 2-11 BR BRI ot

S5 S5 4o 5 3 iR P BE B 47 8 i P
TBI SEC B-B Templ1~5 5
TB2 SEC A-A Temp6~9 4
TB3 SEC A-A Temp10~13 4
TB4 SEC B-B Templ4~18 5
TB5 SEC A-A Temp19~22 4
TB6 SEC A-A Temp23~26 4
TB7 SEC A-A Temp27~30 4
TBS SEC A-A Temp31~34 4
TB9 SEC A-A Temp35~38 4
TC1 SEC C-C Temp39~47 9
TC2 SEC D-D Temp48~56 9
TC3 SEC D-D Temp57~65 9
TC4 SEC C-C Temp67~74 9
TCS SEC C-C Temp75~83 9

(FHE KR *=F)
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5=

% 2-12 LP-400FX =# - #% £

Length |[ResistanceIndependent| Operating Life
(mm) (kQ) linearity | temperature
400 10 1019 -40 CEO + [ 10 mllho'n strokes
125C min.
(FHE KR *=F)
% 2-13LWH 5| = #3 Rt 4
P& , € 4F N =k SR -
AP T L P T N T T o e
s | 9 = ppm/k) | (° g | T
o 5 (mm) (%) (mm) (typ.ppm/k) | (°C) 5 (ms)| (ms™)
-30 Voltage
DB1 | 225 {0.1-0.04 | 0.01 5 04100 | Divider 10 200
-30  |Voltage
DB2 | 225 {0.1-0.04 | 0.01 5 04100 | Divider 10 200
-30 Voltage
DC2 | 225 10.1-0.04| 0.01 5 04100 | Divider 10 200
-30 Voltage
DC3 | 225 [0.1-0.04| 0.01 5 04100 | Divider 10 200
-30 Voltage
DB3 | 900 {0.1-0.04 | 0.01 5 04100 | Divider 10 200
-30 Voltage
DB4 | 900 {0.1-0.04 | 0.01 5 t0+100 |Dividerr 10 200
-30  |Voltage
DC1 | 400 {0.1-0.04 | 0.01 5 04100 | Divider 10 200
-30 Voltage
DC4 | 400 [0.1-0.04| 0.01 5 04100 | Divider 10 200

(FR KR 27%)
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Cumatin
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I
el

" o#E W
TEST CERTIFICATE

PG LT R RS

VB SR U T B
CHINA STEEL CORPORATION
b W 5 O 7 ) B T P R 1 5R
§ CHUNG KANG ROAD, HS1AD KANG. KAOHSILNGEI 2
TAIWAN. REPUBLIC OF CH .
410, 0T IR01-942
ADDDZ-01

BTIE02-1111 FAN= 071
TEL: 070

g g TRABREFRLD A&EH | PLATE-CARBON STEEL. (NILL EDGE)
ww | ™ fram ERESRE | o511a940002
| 15 63136-54 Snacos FERR | aniis EIRITRAR] 1o,
|
Al 2EAR wEnFan
TUCMT | HOV. 26,2007 | DTisEMm | WOV, 27, 2007
F’ ‘] CSC MILL INSPECTION [1/¢] o1 ELITERE
EiTid ¥1 [*04 [#05 V15 AR R
‘--*x ™ WA B J I‘.‘T u"I,I a € |h P l 5 SiN Hi | Cr All CAYV REMARK
| BLAB SAMPLE [D. T. Ly & ]3_ z Ie "2 “2
= 34274 501 - - = 214 222 - 15 181 17 & L | 20 24 41 8
| 21
| 90BEL 39 smped -| -| 7§
| TOTAL 2, 344
|
|
|
|
i
]
KG/MNZ = NAMMZ / 8. B0BES
) S ThoAET TEST Lo AVD €7 =CHMN/BHSL/ZANI ZAOHCR/BHMO 1Y/ 14
M| yo5 PREBUBREIIOEY |MPACT TEST LONG IDV
15 METELL YIELD RATIO
#:|MPACT TEST SPECIMEN SIZE (MM) S5:1045. OXSS: #5:10M8. TXSS: #7:10X7. BXS5: #F:10K10XSE.
ERAEEFFIAS DR RRERLIN - LHFTREZER « LE R TI R .
WE MEREBY CERTIFY THAT MATERIAL DESCRIBED HEREIN HAS BEEN MAMUFACTURED AND
SURVEYOR TO TESTED WITH SATISFACTORY RESULTS IN ACCORDANCE WITH THE REQUIREMENT OF THE i
ABOVE MATERIAL SPECIFICATION #& Ii [y

] $if §8

ComaSTEEL

(a)

w HOE W
TEST CERTIFICATE

HY PN AR PR IR LR s s g
CHINA STEEL CORPORATION
cha R A il B B 18
| CHUNG KANG ROAD. HSIAQ KANG. KACHSIUNGIEI2
TAIWAN. REPUBLIC OF CHINA
TELUOTBO2 LI FAN10TI802- 2811107 8014427

o 4 6 '
tpam| FRARROFRLD ARs PLATE-CARBON STEEL. (MILL ELGE)
BT ﬂmﬁn‘ ﬂm“, f,: n‘n‘ B6112TADDD1
iy g3y 115 6219694 Shocd ELER | soauwims | TRIRER nenn
xERR EAEak
e | SHIPPING AT HOV, 26, 2007 T ISR T NOV. 27, 2007
" TEAEEn
areT ’ REUARK
b ¢ r]s s;b{u] [ EP
o é 2 lix ERE
100 1
15 141 1 AE 1 Zdz4 41 g
pod 34283 2500 16701774Q J 5, B143P4E0 g - | - | -]z 209 - T1T1T71 T11T1T171
223
21
0854 398 Sayze g -| -| 78
TOTAL 2 12, 049
i
]
L
°D| %;&lﬂ iy Tm#é;;?" oG AVG KG/MMZ = N/MMZ / 0. BDBBS
dod e [ WP, L A SCHMN/BA51 /244 N1 /ADHCRASH]
e ety INPACT TEST LOKD DV o7 Tetvetsi /st o sk
+19 MELEE ¥IELD A
_QLII'PN.‘.T TEST SPECIMEN SIZE (MM) #5:10X5 OXS5: #6:10X6. TX55; #7:10X7. 5X55; #F:10X10X55,
HIENEEFFALEL - RS RNAEERIME - 2TCREZ LR - LEWHNSNETH -
I WE_HEREBY CERTIFY THAT MATERIAL DESCRIBED HEREIN HAS BEEN MAMUFACTURED AND Yy *
SURVEYCR TO TESTED WITH SATISFACTORY RESULTS |N ACCORDANCE WITH THE REQUIREMENT OF THE
ABOVE MATERIAL SPECIFICATION EEEE W
GOERAL WOUGER, METALLIRTICAL DEFARTEENT

(FHRXR:%F 3

(b)

B 2-2 ¥ 4u = & SNA90B 4% 4 &

P 27D
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temperature (°C)
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500 [
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100 |
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(F ki 247 %)
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100000 |
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oo b [ 14401301130 |y 145 ¢
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i 04 " - 150 :O
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30° TYP.
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/# 20
O
F10t e i
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g ///(Cb) |
201175 Q]ﬂ‘r g ‘{f@r)ﬁ
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